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This dissertation includes three chapters about the economics of policies and in-
stitutional development and health economics. The first chapter regards the em-
pirical causal connection between in utero exposure to malaria and long-term
adult socioeconomic conditions in Brazil, which documents the positive effects
of malaria eradication on educational attainment. The second chapter refers to the
connection between early childhood environment and adult health by exploring
the potential effects of early-life health environment, proxied by malaria intensity
at the time of birth, on adult mortality rates. In chapter 3, I address the impacts of
societal local institutions and policies on the determination of fertility rates during
early industrial times in Britain and Ireland.
Chapter 1: In utero Exposure to Malaria and Economic Development
This chapter investigates the long-term relationship between early life exposure
to malaria and adult socioeconomic outcomes in Brazil. The identification strat-
egy relies on exogenous variation in the risk of malaria outbreaks in different states
and seasons of the year to identify early life exposure according to the timing and
location of birth. Furthermore, Brazil has undergone a successful campaign of
malaria eradication during the 1950s, which allows for employing a differences-
in-differences design to compare outcomes of birth cohorts born just prior to and
just after eradication. I find consistent negative treatment effects of in utero ex-
posure on years of education and on income levels and the effects are stronger
for exposure during the first trimester of pregnancy than during other periods of
gestation. Additionally, consistent with previous findings, men are more likely to
exhibit larger long-term effects. I find no significant treatment effects of early life
exposure to malaria on fertility and no significant differences in socioeconomic
conditions of more exposed individuals born after eradication campaign relative
to less exposed ones.
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Chapter 2: Early-Life Exposure to Malaria and Adult Mortality: Evidence from
the Brazilian Eradication Campaign
In this chapter, we study the long-term effects of childhood exposure to malaria
on adult mortality in Brazil. We make use of the malaria eradication campaign
in Brazil as a natural experiment to identify exogenous sources of variation in the
decline in malaria rates according to pre-campaign endemicity rates in different
regions and find consistently negative treatment effects of early-life exposure to
malaria on 10-year adult mortality rates. A one-standard deviation increase in our
constructed malaria intensity measure leads to a decline in adult mortality of 0.2
percentage points. Our results further suggest no direct physiological effect and
that a possible mechanism leading to this effect is educational attainment.
Chapter 3: The Role of Local Institutions and Policies on Fertility During
Pre-Modern Times
This chapter addresses the role of institutions and economic policies on the de-
termination of fertility rates and population size during the Malthusian phase of
development. Historical facts documented in this paper support the view that so-
cieties, through their local institutions and policies, have a sizable influence on the
determination of their desired fertility path. Empirical findings suggest a strong
association between the distribution of poor relief and birth rates during the 1800s
in England. Census data on the county-level administration of the poor relief in
Ireland corroborate the findings, indicating that societal policies and institutions
are able to affect individual-level fertility decisions and subsequent population
path.
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To Thaís, Benjamim, and Lucas.
iv
Acknowledgments
I wish to express my sincere gratitude to my advisor Stephen Parente. He has been
a truly generous and insightful mentor, who has helped me in all steps of this long
academic journey. His Macroeconomics core course and his Economic Growth
and Development field course have shaped my utmost interest in understanding
why some countries are so much richer than others. I am grateful for his devoted
time and support, which were paramount for not only this dissertation, but also
for fostering my interest in economic growth and development.
I am also deeply grateful to Marieke Kleemans and her kindness and willing-
ness to help. She has become an important mentor during the last years of my doc-
torate, and I am thankful for making my experience with the job market smoother
and bearable. I should also express my appreciation to Dan Bernhardt and his
genuine efforts to make me succeed. He has contributed in many dimensions to
improving the first chapter of my dissertation,
For their comments, insights, suggestions, and guidance, I am indebted to the
other members of my dissertation committee: Rui Zhao, who I had the opportunity
and pleasure to work with as a teaching assistant and share an enjoyable weekly
Macroeconomics reading group, and Anne Villamil, who I was lucky of having as
instructor of Macroeconomics as well.
I would not be able to complete this dissertation without the help and support
of my friends. It has been an honor of have been following this “long and winding
road” alongside Diogo Baerlocher since the beginning of our now distant under-
graduate studies in Recife, Brazil. He has deeply contributed to my development
as an economics student, and he with his wife, Renata Caldas, have played an
important role on my path along these years. I also had the luck of being awarded
the friendship of Rodrigo Schneider, who has truly been of great help and sup-
port. His loyalty and generosity have been of great inspiration for me. I am also
grateful to Diloá Athias for his help and support, which has contributed to making
my life at Illinois more enjoyable. His knowledge, dedication, and insights were
v
the most important factors that made possible the first drafts of the first chapter
of this dissertation. Their presence in my daily routine has made me feel at home
throughout this period.
I would like to stress my gratitude to the friends and colleagues who have
provided useful comments, insights, suggestions, and words of encouragement,
through pleasant (and often long) conversations: Paulo Vaz, Joao Bernardo, Sergio
Rocha, Luiz Felipe Amaral, Luis Felipe Saenz, Isabel Musse, Vinicios Sant’Anna,
and Gustavo Cortes.
A special thanks to the late Werner Baer, who had greatly contributed to the
success of many Brazilian students at the University of Illinois. His passion and
devotion to studying the Brazilian economy and helping Brazilian scholars, in-
cluding myself, have permanently marked our lives. His memory will live on for
many years to come. I should also thank Rebecca Thornton, Elizabeth Powers,
and Colleen Schultz for all the help and support, and Carol Banks, with her in-
credibly professional capacity and patience, has made my life so much easier and
less stressful.
It is important to acknowledge the importance of my friends that made my life at
Urbana-Champaign memorable: Rayane Aguiar, Cibele Aguiar, Emerson Deco,
Lucho Escobedo and Carol Burga, Richard Tsay, Robert Perere, Rafael Ribas,
Fabricio D’Almeida, Aline Honorio, Lucas Belfort, Guilherme and Marcela, Fabi-
ana, and the players of United F.C. My former colleagues and friends in Brazil:
Flavius Sodré, Igor Ezio, Lucas Motta, Rodrigo Arruda, Diego Firmino. Thank
you all.
I would like to thank my family for their care and love. My parents, Marisa
Paiva and Oziel Fonseca, have given me their time, support, background, and
education that made possible completing my doctorate. I would like to thank my
brothers, Gustavo and Felipe, for their attention, dedication, and encouragement.
My extended family has also contributed to this dissertation: my sister-in-law,
Clarinha, who has been a constant part of my daily routine despite the distance,
and my father- and mother-in-law, Helio and Rita. I dedicate this dissertation to
my wife, Thaís, and my children, Benjamim and Lucas. They are the reason why
I wake up and try to be a better person every day.
vi
Table of Contents
List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
Chapter 1 In Utero Exposure to Malaria and Economic Development . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Related Literature . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.3 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
1.4 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
1.5 Research Design . . . . . . . . . . . . . . . . . . . . . . . . . . 15
1.6 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . 19
1.7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Chapter 2 Early-Life Exposure to Malaria and Adult Mortality:
Evidence from the Brazilian Eradication Campaign . . . . . . . . . . . 41
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
2.2 Related Literature . . . . . . . . . . . . . . . . . . . . . . . . . . 44
2.3 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
2.4 Empirical Strategy . . . . . . . . . . . . . . . . . . . . . . . . . 49
2.5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
2.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Chapter 3 The Role of Local Institutions and Policies on Fertility During
Pre-Modern Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
3.2 Historical Evidences . . . . . . . . . . . . . . . . . . . . . . . . 72
3.3 Empirical Support . . . . . . . . . . . . . . . . . . . . . . . . . . 75
3.4 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . 84
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Appendix A: Data Sources and Details . . . . . . . . . . . . . . . . . . . . 95
Appendix B: Instrumental Variables First Stage Results . . . . . . . . . . . 100
vii
List of Tables
1.1 Summary Statistics . . . . . . . . . . . . . . . . . . . . . . . . . 19
1.2 Early Life Exposure to Malaria OLS Results – In Utero Exposure 21
1.3 Early Life Exposure to Malaria OLS Results – Trimester Exposure 22
1.4 Early Life Exposure to Malaria DID Results – Trimester Exposure 24
1.5 Early Life Exposure to Malaria OLS Results – Men vs Women . . 26
1.6 Early Life Exposure to Malaria OLS Results – Movers vs
Non-Movers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
1.7 Early Life Exposure to Malaria IV Results (Pre-Eradication
Sample) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
1.8 Early Life Exposure to Malaria IV Results (Post-Eradication
Sample) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
1.9 Early Life Exposure to Malaria DID IV Results – Trimester
Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
2.1 Correlation Analysis Between the MSI and Malaria Intensity . . . 54
2.2 Summary Statistics . . . . . . . . . . . . . . . . . . . . . . . . . 56
2.3 OLS Cohort Analysis . . . . . . . . . . . . . . . . . . . . . . . . 57
2.4 OLS Cohort Analysis (Groups of Education) . . . . . . . . . . . . 59
2.5 OLS Cohort Analysis (Restricted Sample) . . . . . . . . . . . . . 62
2.6 OLS Cohort Analysis (Extended Sample) . . . . . . . . . . . . . 63
2.7 OLS Analysis by Gender . . . . . . . . . . . . . . . . . . . . . . 64
2.8 OLS Cohort Analysis with Included Controls . . . . . . . . . . . 67
3.1 OLS Estimates: Children Allowances Dummy . . . . . . . . . . . 78
3.2 OLS Estimates: Children Allowances Breakdown . . . . . . . . . 79
3.3 OLS Estimates: Irish Poor Laws . . . . . . . . . . . . . . . . . . 83
B.1 Instrumental Variables Estimation – First Stage Results . . . . . . 100
B.2 Instrumental Variables Estimation – Reduced Form First
Trimester Results . . . . . . . . . . . . . . . . . . . . . . . . . . 101
B.3 Instrumental Variables Estimation – Reduced Form Second
Trimester Results . . . . . . . . . . . . . . . . . . . . . . . . . . 102
B.4 Instrumental Variables Estimation – Reduced Form Third
Trimester Results . . . . . . . . . . . . . . . . . . . . . . . . . . 103
viii
List of Figures
1.1 State-Level Monthly Average Malaria Cases per 1,000
Inhabitants (2007–2017) . . . . . . . . . . . . . . . . . . . . . . 13
1.2 State-Level Average Malaria Cases – 1959 . . . . . . . . . . . . . 14
1.3 Reduction in Malaria Cases per 1,000 Inhabitants after the
Eradication Campaign . . . . . . . . . . . . . . . . . . . . . . . 14
2.1 Cross-Country Correlation Between Adult Mortality and Malaria . 42
2.2 Average Malaria Cases per 1,000 Inhabitants (1947–2010) . . . . 49
2.3 State-Level Distribution of Malaria Intensity Based on the
Malaria Stability Index (MSI) . . . . . . . . . . . . . . . . . . . 52
2.4 Micro-regions Whose Malaria Stability Index (MSI) Correspond
to the Fifth and Ninety-fifth Percentile of the Malaria Intensity
Distribution. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
3.1 Relief Expenditure and Family Size, Irish Counties (1891–1911) . 81
ix
Chapter 1
In Utero Exposure to Malaria and Economic
Development
1.1 Introduction
How important are early life health conditions for adult outcomes? The “fetal
origins hypothesis” suggests that initial health endowments might have important
and persistent effects on long-term health and other socioeconomic variables (Al-
mond and Currie, 2011). However, addressing the causal relationship between
fetal health and lifetime economic conditions is challenging because other fac-
tors, such as unobserved socioeconomic characteristics, might affect initial health
conditions in the months between conception and birth.
This paper investigates the effect of prenatal exposure to malaria and long-term
adult outcomes in Brazil. The identification strategy employed by this paper relies
on exogenous variation in the risk of outbreaks of the disease in different states
and seasons of the year to identify early life exposure according to the timing and
location of birth. I use this measure of exposure to estimate the causal effects of
early life health environment on long-term socioeconomic conditions, including
education, income, and fertility, for different birth cohorts. In addition to this fixed
effects model, I use a differences-in-differences approach to compare outcomes of
birth cohorts born prior to and after Brazil’s successful 1950s campaign of malaria
eradication.
Malaria is a tropical disease caused by Plasmodium parasites, spread to humans
through the bites of the female Anopheles mosquito, or malaria vector. According
to the World Health Organization (WHO),1 in 2016, 216 million cases of malaria
and an estimated 445 thousand deaths were reported. Cases are concentrated in
tropical areas, reaching subtropical regions in five continents. Areas with temper-
ate climates also experience outbreaks of the disease, depending on the season.
The largest fraction of malaria cases occurs in Sub-Saharan Africa; in 2016, 14
1WHO (2018)
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sub-Saharan countries (and India) accounted alone for 80 percent of the malaria
burden worldwide.2 In Brazil, after the eradication efforts throughout the 1950s,
malaria is under control in most states outside of the Legal Amazon region;3 in
2017, the region accounted for approximately 99.7 percent of the 194,425 reported
cases.4
Malaria destroys red blood cells, depriving the distribution of oxygen and nutri-
ents to the body tissue. Its effects on long-term health and cognitive development,
however, are most powerful when exposure occurs during the first periods of life,
whereby fetal development is hampered, leading to long-lasting consequences
(Barreca, 2010). For instance, placental malaria (infection from the mother to
the placenta) induces changes in the placental structure and functioning, which
is associated with fetal growth restrictions (Umbers et al., 2011).5 Additionally,
pregnant women are relatively more susceptible to malaria infections compared to
non-pregnant women, especially in first- (primigravidae) and second-order preg-
nancies (Menendez, 1995; Lucas, 2013).
The identification strategy proposed by this paper relies on two main sources
of exogenous variations to estimate the long-term consequences of early life ex-
posure to the disease. The first is given by differential transmission risks across
months and states, which jointly determine heterogeneous levels of exposure across
individuals within birth cohorts. The second source of variation is represented by
the sharp decline in the overall scale of malaria transmission due to the eradication
efforts during the 1950s. I start by constructing a measure of malaria risk using
disaggregated data on the frequency of reported number of cases of malaria at the
state-month cell level. By observing individuals’ adult socioeconomic outcomes
and their respective state, month, and year of birth, I am able to link each individ-
ual’s socioeconomic later-life conditions to the degree of exposure faced during
early life.
2WHO (2018)
3Prior to the Eradication Campaign, malaria was a widespread public health hazard. The gov-
ernmental efforts to fight the disease essentially dropped malaria rates to approximately zero in
states outside the Legal Amazon, which includes the states of the North region (Acre, Amazonas,
Amapa, Pará, Rondônia, Roraima, and Tocantins), two states in the Northeast region (Maranhão
and Piauí), and one state in the Mid-west region (Mato Grosso). These states are dropped from the
sample.
4Ministry of Health – DATASUS data.
5Fetal growth restriction is defined as a condition in which babies are unable to develop to their
genetically predetermined potential. This condition might lead to premature deliveries, low birth
weight, and direct long-term health consequences, such as hypertension and vascular disorders
(Matteelli et al., 1997; Umbers et al., 2011).
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I follow two different estimation strategies to address the in utero effects of
exposure to malaria. In the first strategy, I estimate the above relationship for in-
dividuals born shortly before the sharp decline in malaria rates. As a falsification
test, I conduct the same analysis for the subsequent birth cohort, in which early
life exposure is dramatically shortened after the reduction in the scale of transmis-
sion. By construction, the exposure difference between pre- and post-eradication
cohorts is the degree of overall malaria burden during the early periods of life. If
the exposure to malaria during intrauterine life is important for lifetime outcomes,
its effects should be seen in the estimations of the pre-eradication birth cohort
sample and not in the estimations of the post-eradication birth cohort sample.
In the second estimation strategy, I exploit the exogenous variation in the scale
of the malaria burden across states in Brazil to employ a differences-in-differences
strategy. I estimate the effects of early life exposure to malaria across birth cohorts
before and after the eradication campaign, thereby controlling for unobserved in-
variant characteristics that might be correlated with exposure levels. In particular,
I interact the exposure variable with an indicator for being born after the eradica-
tion era to test whether positive health shocks lead to significant gains in long-term
socioeconomic conditions for treated individuals.
In the analysis that follows, I consider different critical periods of early life
exposure – according to trimesters of pregnancy – to test for heterogeneous treat-
ment effects during different periods of exposure. In the baseline specification, I
construct a measure of average in utero exposure, by simply taking the average
risk of malaria transmission of the nine months prior to the birth of the individ-
ual. Second, I construct analogous measures of exposure for each trimester of
pregnancy to test whether the timing of transmission is an important factor that
determines long-term outcomes.
I find consistently negative effects of early life exposure to malaria on edu-
cational attainment and personal income for individuals born shortly before the
eradication campaign. OLS estimates suggest that, on average, an increase in the
in utero exposure to malaria from the fifth to the ninety-fifth percentile of the
transmission probability distribution reduces educational attainment by nearly 2
years, and leads to reductions in hourly income by approximately 24 percent. The
results also indicate heterogeneous treatment effects on different periods of early
life, with the largest effects stemming from exposure to the disease during the
first three months of intrauterine life. I do not find consistent treatment effects on
fertility choices. Additionally, differences-in-differences estimates indicate that,
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relative to less exposure, more exposed individuals during intrauterine life born
on the post-eradication cohort have, on average, between 0.611 and 3.363 more
years of education and fertility declines by a factor between 0.243 and 1.92 when
compared to individuals members of the pre-eradication birth cohort.
I discuss different sources of potential biases of my estimation strategy in the
sensitivity analysis as follows: First, I address the treatment effects for men ver-
sus women; I find larger effects on educational attainment and income for men.
A possible explanation for this result is that male fetuses are biologically more
vulnerable than female ones (Kraemer, 2000; Low, 2015; Waldron, 1983). Thus,
higher relative exposure of male individuals would lead to a larger impact on sub-
sequent health. Second, I show that mortality selection – potentially caused by
the death of the weakest fetuses after exposure – is not a factor leading to biased
estimates. In order to formally test this hypothesis, I construct a dataset identi-
fying childbearing-age women during the pre-eradication era, and I estimate the
effects of malaria risk on the likelihood of stillbirths for women who were preg-
nant during that time. I find no relationship between exposure to malaria and in
utero mortality. Third, I show that the results are not likely to be driven by se-
lective migration. I construct two different datasets, one for movers and one for
non-movers, and show that estimation results for both samples are qualitatively
similar. I also test for different timings of birth to alleviate concerns of birth co-
hort misclassification in identifying pre- and post-eradications individuals. The
results are robust to a range of different specifications according to the timing of
exposure.6
Finally, I address the potential concern of measurement error in the risk of trans-
mission variable by instrumenting the malaria risk with climatic conditions that
are associated with the biological life-cycle characteristics of parasite and vector
population distributions. The instrumental variables (IV) results suggest a larger
treatment effect of first trimester exposure on education; the effects on income are
only significant for the bottom decile of the distribution. Moreover, the IV results
indicate no significant treatment effects on fertility and no significant differences
in outcomes between more exposed individuals born after the campaign relative
to less exposed ones.
The present paper contributes to the literature on the long-term effects of early
life health shocks in at least two important ways. First and foremost, this pa-
6However, the effects on income are somewhat imprecisely estimated for some specifications.
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per is the first to explore heterogeneous effects of timing of in utero exposure
to malaria on economic outcomes.7 The identification strategy employed by this
paper compares individuals on two dimensions: across geographic location and
across month of birth for different birth cohorts, which allows me to test for dif-
ferential effects on different critical periods of gestation. Second, the identifica-
tion strategy arguably accounts for any pre-existing heterogeneous regional trends
across states, since the disaggregated nature of the exposure measure allows me
to explore monthly variations in exposure within both states and birth years. Pre-
vious studies usually identify exposure by geographical differences in endemicity
rates across only birth cohorts, which might not fully account for pre-trends in the
outcome variables possibly associated with the timing and effects of variations in
the disease burden.
The analysis of the Brazilian experience with malaria provides a relevant set-
ting for the purposes of the paper for four main reasons. First, it provides a unique
opportunity to address the paper’s main question of the effects of exposure to
malaria because Brazil underwent a sharp and almost instantaneous decline in
malaria rates after the eradication campaign efforts, with the application of DDT
spraying inside houses and anti-malarial drugs distribution. This feature of the his-
torical path of the incidence of malaria in Brazil allows me to test for the in utero
effects of exposure to the disease among cohorts born shortly before and after the
sharp decline in the overall exposure. An important attribute of the worldwide
campaign is that its enactment was possible after the discovery of the insecticidal
properties of DDT, and therefore, alleviates concerns about the exogeneity of the
campaign to the outcome variables analyzed. Second, malaria infections during
pregnancy affect fetuses in ways that can lead to long-term health consequences,
as discussed above; therefore, fetal exposure to malaria can serve as a proxy for
early life endowment differences. Third, detailed information on individual-level
socioeconomic indicators, such as educational attainment, income, fertility, and
migration, as well as state-level malaria rates for a large period, are publicly avail-
able for Brazil. Fourth, the type of malaria parasite prevailing in Brazil, Plasmod-
ium vivax, is rarely lethal, which mitigates potential mortality selection issues.8
The paper is structured in seven sections, including this introduction, as follows:
7Epidemiological studies have also addressed the consequences of different timing of malaria
infection during pregnancy. However, these studies do not fully account for confounding factors
and the small sample sizes that frequently are used make it difficult to generalize the findings.
8I provide a detailed analysis of mortality selection issue in section 6.3, when discussing alter-
native specifications of the model.
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Section 2 discusses the related literature. Section 3 presents some background in-
formation about malaria transmission and the history of malaria in Brazil. Section
4 presents the data, and discusses some conceptual definitions are discussed. Sec-
tion 5, provides detailed discussion of the research design implemented in this
paper. Section 6 provides the main results, and further analyzes alternative expla-
nations that could potentially drive the results. Section 7 concludes.
1.2 Related Literature
This paper relates to the empirical literature of long-term effects of early life en-
vironmental shocks on health and socioeconomic outcomes. The “fetal origins
hypothesis”, proposed by this strand of the epidemiological and economic liter-
atures, assesses the relative importance of the persistence of in-utero conditions
to subsequent health and mortality (Almond and Currie, 2011). This hypothesis
suggests that environmental shocks on health are most powerful during the early
periods of life, when the organs and body systems are not fully developed.
Different levels of exposure to health shocks in critical periods of early life
may lead to large differences in adult health and socioeconomic conditions. In
his seminal study, Barker (1998) finds a strictly negative correlation between fetal
nutrition and later-life mortality caused by heart disease, by linking health condi-
tions in different locations in Britain from the 1901–1910 period to adult mortality
in these locations between 1968 and 1978. Other studies have also found strong
statistical associations between early-life conditions and long-term outcomes. For
example, increases in longevity observed in United States in the nineteenth and
twentieth centuries can partially be attributed to early childhood environmental
conditions (Costa, 2000, 2003; Costa and Lahey, 2005). Accordingly, low birth
weight is usually associated with lower achievements later in life (Hack et al.,
2002; Case et al., 2005; Black et al., 2007; Currie and Moretti, 2007).
Other studies have incorporated robust empirical strategies to isolate the causal
long-run consequences of early-life conditions, taking into account other con-
founding factors that might cause bias to the analysis.9 These studies frequently
rely on exogenous short-term shocks that affect the population under study in an
heterogeneous manner to identify the exposure effects. Individuals who had been
9Currie and Vogl (2013) provide a thorough review of the empirical evidence for the “fetal
origins hypothesis” in the developing economies context.
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exposed in the first trimester of intrautrine life to the Dutch “Hunger Winter” of
1944, caused by the cut in the food supply after the Nazi occupation of the Nether-
lands, are found to be more likely to develop obesity and other chronic diseases
during adulthood (Stein et al., 1975; Roseboom et al., 2011). In the same vein,
Almond (2006) and Almond and Mazumder (2005) find that individuals who ex-
perienced more exposure to the 1918 Influenza Pandemic in United States – both
across timing of birth and state of birth – have less education and income, as well
as worse adult health. Chen and Zhou (2007) and Meng and Qian (2006) find
long-term health and socioeconomic effects of cohorts born during the Chinese
Great Famine, whereas fasting during pregnancy to observe Ramadan in Islamic
religious groups lead to lower later-life health and socioeconomic conditions (Al-
mond and Mazumder, 2011; Van Ewijk, 2011).
Exposure to infectious diseases, in general, may affect fetal development, given
that maternal energy might be diverged from the fetus to combat spread of disease
(Almond and Currie, 2011). Costa and Lahey (2005) explore quarter of birth
variation as a proxy for early life environment in order to identify the effects of
exposure to seasonal infectious diseases on mortality rates. Barreca (2010) finds
strong effects of malaria reduction in United States on schooling attainment, by
instrumenting malaria transmission with climatic factors such as temperature and
rainfall.
Some other studies have explored exogenous effects of eradication efforts to
reduce different epidemic diseases – such as hookworm and malaria – to test
whether larger gains in socioeconomic outcomes occurred among cohorts born
in formerly more endemic locations than those in lower endemic areas before and
after the eradication. Using this methodology, Bleakley (2007) found evidence of
increases in school enrollment, attendance, and literacy rates following the suc-
cessful eradication of hookworm disease in the American South, whereas other
studies such as Lucas (2010), Cutler et al. (2010), Burlando (2012), and Bleakley
(2010b), find positive effects of malaria eradication on human capital accumula-
tion and other adult outcomes.10
10Other studies have analyzed the effects of exposure to malaria on a range of different out-
comes. For example, Venkataramani (2012) uses the Mexican eradication effort to estimate the
impact of the malaria reduction on cognition in adults. Klejnstrup et al. (2018) use district-level
variation in malaria rates together with declining overall transmission in Tanzania to estimate the
effect of early-life exposure to malaria on children’s test scores for cognitive skills. None of these
studies, however, explores seasonal variations in malaria transmission to identify the impact of the




The malaria parasite is a micro-organism that belongs to the genus Plasmodium.
The natural ecology of malaria involves the successive infection of humans and
a vector, the female Anopheles mosquito.11 In humans, the parasites initially af-
fect liver cells, subsequently spreading to the red blood cells. In this stage, the
symptoms of the infection start to develop.12 Blood stage parasites in a form
named gametocytes are responsible for the parasite’s growth and multiplication
when present on the blood meal taken from the Anopheles mosquito. The infected
adult female mosquito, then, lays eggs in stagnant water reservoirs. The develop-
ment of the eggs into larvae, then pupae, to reach adulthood is aquatic and takes
approximately 9-12 days, depending on the species, in tropical areas. Once adult-
hood is reached, the aquatic phase is finished, and the adult female mosquito is
then, ready to serve as host to the malaria parasite.13
The transmission of malaria is highly sensitive to climatic variation. Rainfall is
important due to its effects on the mosquito life-cycle, whereas temperature regu-
lates malaria transmission (Martens et al., 1995). First, rainfall provides “breeding
sites” for the female anopheles mosquitoes to lay their eggs. The continuation of
the rainfall may contribute to the development of the larvae and pupae into adult-
hood. Temperature also plays an important role in this process. The aquatic de-
velopment stages of the mosquito occurs more efficiently in temperatures between
16 C to 28 C (Cervellati et al., 2017). Moreover, survival of adult mosquitoes
also depends on temperature and rainfall, as well as humidity. Warmer tempera-
tures decreases the incubation period ("extrinsic" cycle) of the parasite inside the
infected female Anopheles, increasing the chances of transmission. Temperatures
below 15 C for Plasmodium vivax and 20 C for Plasmodium falciparum break
the extrinsic cycle, hindering the transmission.14
The Extrinsic incubation period ranges from 10 to 21 days, whereas the intrinsic
11Only some species of the Anopheles mosquitoes are antropophilic (feeds on humans). In
Brazil, there are more than 50 species, including the Anopheles darlingi and Anopheles gambiae,
which have bitting preferences at the outdoors, making them highly effective vectors in the malaria
transmission.
12Common symptoms include vomits, diarrhea, acute fever, shivering, anemia.




incubation period ranges from 7 to 30 days, on average, depending on the parasite
species15. For the P. vivax, the range is 12 to 17 days, whereas for the P.falciparum
and the P. malariae, the ranges are from 9 to 14 and 18 to 40 days, respectively
(Brasil et al., 2011).
Taken together, this complex relationship between temperature and rainfall with
the transmission cycle of malaria implies that outbreaks of malaria transmission
are associated with a particular combination of the wet season and sufficiently
high temperatures during the year; i.e., malaria transmission is characterized by
a clear-cut seasonal component. I make use of this important mechanism in the
transmission to identify the exposure during the first periods of life.
1.3.2 Malaria History in Brazil
Malaria was introduced in Brazil during the colonial times by African slaves,
who carried the Plasmodium falciparum parasite, around 1560 (Griffing et al.,
2015).16 There were two main factors that triggered malaria transmission and
spread throughout the country during late eighteenth and early nineteenth cen-
turies. The boom of the rubber industry in the North region, where the geographic
and climatic conditions for the survival of the anopheles mosquito are ideal, in-
duced a massive influx of workers with a lack of immunity, causing a serious
health hazard risk to the region and the country. Second, the precarious condi-
tions of infrastructure constructions (mainly railroads connecting various parts of
the country) contributed to the proliferation of the disease. During the early 1990s,
Brazilian government aimed at expanding infrastructure in many remote areas and
crews working on these projects fell victim to the disease, causing several con-
struction sites to be interrupted or abandoned. Around that period, malaria was
widespread in Brazil, with approximately 60 million cases – representing roughly
50 percent of the Brazilian population - being reported each year (Coura et al.,
2006).
Early efforts to combat malaria were usually restricted to specific cases, espe-




16The timing of the Plasmodium vivax parasite’s arrival is not agreed on in the literature. One
hypothesis suggests that the introduction of Plasmodium vivax in South America occurred around
15,000–30,000 years ago; another suggests that the introduction took place “multiple times from
a now extinct European P. vivax population less than 500 years ago” (Griffing et al., 2015)
9
liative, including the intake of quinine, an anti-malarial drug; the application of
insecticides on water deposits near domiciles; drainage of water banks; distribu-
tion of bed nets, and destruction of mosquitoes breeding sites. 17 The increasingly
health hazard caused by malaria on public infrastructure projects and among the
poor population, mainly in North and Northeast regions, compelled some of the
most prominent malarial experts in Brazil to urge for a centralized effort by the
federal government to halt transmission of the disease (Griffing et al., 2015).
The National Department of Public Health (DNSP) was created in 1920 in
an effort to control infectious diseases such as hookworm, Chagas disease and
malaria. In a joint effort with the state governments of Rio de Janeiro and São
Paulo and local-level administrations, the Rockefeller Foundation made impor-
tant contributions to the study of malaria, advancing several contributions to the
understanding of the type of tropical transmission of malaria in Brazil compared
to the observed in the U.S. South. However, due to funding limitations and di-
verging views around the subject, its efforts were discontinued in 1929.
Until 1930, the dominant vector responsible for transmitting malaria was the
Anopheles darlingi. In that year, the vector Anopheles gambie was introduced to
Natal, a coastal city in the Northeast region, from Dakar, Senegal, most likely
due the presence of adult mosquitoes on airplanes and ships. In the years that
followed, the Northeast region experienced an outbreak that stemmed from the
internal migration of the vectors carried either by car or boats. During an eight-
month period of 1938, 15,000 cases and 14,000 deaths were reported in the state of
Rio Grande do Norte, and 40,000 infections with 20,000 deaths were reported in
the state of Ceará. The following year, the Northeast Malaria Service was created
to control the spread of the disease in the region. With the financial and organi-
zational support of the Rockefeller Foundation, the service was able to reduce the
number of infections by a considerable rate in a relatively short period of time.
The eradication efforts relied largely on insecticides, used inside residences and
transportation vehicles, and on larvicides used to treat bodies of water that served
as mosquito breeding sites. The number of cases fell from 30,000 in January 1940
to 400 in September of the same year. During the 1940s, there were around 4–
6 million cases of malaria among a population of 45 million people. More than
17Compliance to the treatment were often an issue among the workers. Anecdotal evidences
of the lack of compliance are numerous. For example, during the construction of the dam of
the Xerém river, one worker after being fired for not taking the drug, assaulted the staff member
responsible for administering the quinine and was killed the next day (Griffing et al., 2015).
10
half of these cases were outside the Amazon region. In 1941, it was created the
National Malaria Service (SNM), which centralized the efforts to study and fight
malaria in the country. The main method of control was deforestation (Griffing
et al., 2015).
The insecticide Dichlorodiphenyltrichloroethane, commonly known as DDT,
was first used in the anti-malarial campaign in an organized way in 1945; its suc-
cess led to its widespread use in most of the states in the North region. By 1954,
DDT spraying covered areas occupied by around 3 million people in all states,
except São Paulo, which was incorporated into the campaign in 1959. In 1957,
the SNM was renamed the Malaria Eradication Campaign (CEM), in response to
the Malaria Eradication Program that the World Health Organization (WHO) had
established in 1955. At this time, measures taken to control malaria also incorpo-
rate the use of chloroquine (CQ), which doctors prescribed to targeted individual
patients with the disease.
In September 1965, the Brazilian federal government adopted WHO guidelines
established, which consisted of spraying DDT inside the residences in infected
areas, and prescribing anti-malarial drugs to patients with the disease. The CEM
was successful in eliminating malaria in four out of the five Brazilian regions,
with the exception of the North. An increase in the number of malaria tests and a
reduction in the number of positive cases occurred simultaneously (Griffing et al.,
2015). The failure of the CEM in the North region was primarily given by the
resistance of the P. falciparum to CQ, lack of health and social infrastructure and
a large number of people susceptible to the disease who were engaged in agri-
cultural, mining, and rubber industries. The CEM was suspended in 1970 due to
criticisms with respect to the administrative organization of the campaign and also
given the relatively low and concentrated number of infections.
During the 1970s, the federal government created incentives for migration into
the Amazon region; in order to populate the area, the government provided sub-
sidies for small farmers and miners, and for infrastructure projects such as the
construction of roads connecting the North region with the rest of Brazil. As a
result, between 1970 and 1980, around 1 million people migrated to the North
region. During this time, resources devoted to malaria were largely reduced. The
malaria eradication campaign integrated with other public health programs, such
as the smallpox eradication program in 1971, the action against meningococcal
meningitis and Chagas disease in 1975, and the campaign against leishmaniasis
and leprosy in 1976. Although the vast majority of malaria cases were confined in
11
the North region, internal migration together with the discontinuation of the pro-
grams specifically targeting malaria caused a subsequent increase in the number
of infections throughout the country, which registered some 50,000 cases. Sub-
sequent efforts were then made to eliminate or control the transmission of the
disease, with localized administration of the resources dramatically reducing the
number of cases outside of the Legal Amazon.
1.4 Data
The micro-level data for the individual-level analysis come from the annual Brazil-
ian National Household Sample Survey (PNAD), which is designed to be repre-
sentative of the demographic and socioeconomic characteristics of the Brazilian
population’s demographic and socioeconomic characteristics such as race, gen-
der, education, and labor market outcomes. I use the waves from 1992 to 2015
to construct a sample of individuals aged 23 to 65; the sample includes birth co-
horts from 1926 to 1999. Individuals are identified in the sample by location of
birth rather than current residence. This formulation allows for a clearer interpre-
tation of the findings, since results identifying individuals by location of residence
would be contaminated by selective migration issues. Additionally, information
on month and year of birth for the sampled individuals allows me to link individ-
uals’ outcomes to specific conditions at the time and location of birth.
I combine the micro-level data from various PNAD samples with state-level
malaria rates to build the data set used in this paper. To construct the malaria
transmission risk, I use the monthly average number of reported cases of malaria
at the state level from 2007 to 2017.18 The units of observation are expressed in
terms of individual - month of exposure - year of birth - state of birth cells. The
month of exposure captures the risk of malaria transmission across months of the
year, whereas year of birth links individuals to the prevailing scale of transmis-
sion. Figure 1.1 shows the average risk of malaria transmission across states in
Brazil. In the figure, each point corresponds to a different state - month observa-
tion. The figure highlights some degree of heterogeneity in transmission in both
dimensions. Given the enormous geographic size of Brazil, climatic conditions
18The data are provided by the Brazilian Ministry of Health – DATASUS. See Appendix A for
a detailed description of the data.
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and, thus, malaria transmissions, may vary substantially by state.19
Figure 1.1: State-Level Monthly Average Malaria Cases per 1,000 Inhabitants
(2007–2017)
Source: DATASUS – Ministry of Health
Figure 1.2 displays the distribution of malaria cases across states in Brazil in
1959, the first year in which the Ministry of Health began providing state-level
malaria burden reports). As the figure shows, the Legal Amazon is the area with
the highest incidence; some degree of heterogeneity surfaces in the remaining
states.
In addition to the monthly variation in malaria risk, I use the exogenous decline
in the overall scale of transmission after the eradication efforts started in 1957.
The magnitude of the reduction is shown in figure 1.3. The first two observa-
tions, from Griffing et al. (2015), correspond to estimates of malaria country-wide
malaria cases prior to the campaign era. The remaining data points are from Min-
istry of Health, which records data on the number of cases reported annually,
starting from 1959.
In the empirical analysis I consider individuals born shortly before and shortly
after the sharp decline in malaria transmission to estimate the effects of early life
exposure to malaria on socioeconomic conditions. This corresponds to 1959 and
1960 birth cohorts. Lack of detailed information about the intensity and distri-
bution of the transmission prior to the campaign at the state-level prevents the
19Spikes in the reported number of cases frequently happen during wet seasons, which vary by
regions in Brazil.
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Figure 1.2: State-Level Average Malaria Cases – 1959
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Figure 1.3: Reduction in Malaria Cases per 1,000 Inhabitants after the
Eradication Campaign
Source: DATASUS – Ministry of Health and Griffing et al. (2015).
comparison of a larger number of cohorts.20
20In the sensitivity analysis I consider larger samples of birth cohorts to alleviate concerns re-
lated to the intensity of transmission prior to the eradication era.
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1.5 Research Design
The first aspect of malaria transmission that this paper explores is its seasonal
variations related to specific climatic conditions. Exposure to malaria is largely
affected by variations in temperature and precipitation throughout the year. There-
fore, I make use of the differential timing of exposure to malaria during early peri-
ods of life to assess the long-term effects on adult socio-economic outcomes. The
second feature of the research design makes use of the exogenous sharp decline
in malaria transmission after the enactment of the Malaria Eradication Campaign
in 1957, to assess the effects of differences in exposure of cohorts born shortly
before and immediately after the reduction.
The baseline specification identifies exposure to malaria as the average risk of
transmission across the months of the year and state in which the individuals were
exposed while in utero. For example, consider a given individual, born in month
m and state s; her exposure is given by the average risk of the months m   1
through m   9 for state s. More formally, the exposure variable is given by the
total risk of transmission, defined as the sum of the average number of reported
cases per 1,000 inhabitants for a given month-state cell, throughout the period
analyzed. The constructed measure to represent in utero exposure of individuals







where  sk denotes the average risk of transmission in month k and state s. There-
fore, to determine the exposure variable, I observe month of birth and identify the
nine months in which each individual was exposed to malaria while in utero.21
The baseline equation to be estimated is given by
Outcomeismy =  Exposurems + ↵c +  s +X
0
imsy + "imsy, (1.1)
where Exposurems is defined as the risk of transmission at a given month of
21Ideally, the measure of risk of malaria transmission would rely on average monthly malaria
cases when exposure to malaria was greatest, that is, during the period prior to the eradication
era. However, due to data limitations, monthly malaria cases can only be observed for the period
2007–2017. The implicit assumption carried out throughout the analysis, then, is that relative risk
across month - state cells is constant. The implication of this assumption is that the eradication
efforts did not affect the relative intensity of the monthly variation in malaria transmission. Its
only effect was through the decline in the scale of overall transmission throughout the country.
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birth m and state of birth s. I estimate equation 1.1 for two consecutive birth
cohorts: 1959 (pre-eradication) and 1960 (post-eradication). Individuals born in
1959, in general, were largely exposed to malaria transmission while in utero,
while postnatal exposure was limited. As figure 1.3 shows, by 1959, incidence of
malaria had already consistently declined. Individuals born in 1960, on the other
hand, were relatively less exposed throughout their early life period. Any effect of
malaria exposure during pregnancy should be seen in the estimation of equation
1.1 for the pre-eradication birth cohort, while the treatment effect of early life ex-
posure on individuals members of the post-eradication birth cohort – the placebo
birth cohort group – is expected to be very small (if any). The rate of transmission
plummeted from an estimated 97 cases per 1,000 inhabitants per year, in 1953, to
only 0.63 cases per 1,000 inhabitants per year in 1959.22 Assuming a linear path
in the yearly reduction along this period, malaria rates would have been around
16.71 cases per 1,000 inhabitants per year in 1958; this corresponds to 26.5 times
the intensity of exposure in the following year.23 Therefore, the large estimated
decline in the malaria burden between these two consecutive years is of extreme
relevance to compare outcomes of cohorts whose in utero exposure to malaria was
dramatically different.
I abstract from the complication of partial exposure and consider all individ-
uals members of the 1959 birth cohort to be fully exposed while in utero, while
all members of birth cohort 1960 are considered not exposed.24 I make this sim-
plifying assumption for two main reasons. First, due data limitations, I cannot
establish the exact reduction on malaria rates prior to the eradication era. Second,
the results are robust to restricting the date of birth to specific month brackets
around the years of 1959 and 1960.25 Moreover, I use broader definitions of birth
cohorts for the analysis to ensure that pre-eradication birth cohorts were indeed
exposed. Specifically, I consider the effects of early life exposure for individu-
als born between 1957 and 1959 (or alternatively between 1958 and 1959) as the
pre-eradication sample, and individuals born between 1961 and 1962 (or between
22See figure 1.3.
23However, considering the time of personnel training, and bureaucratic delays in the initial
stage of the eradication, the decline in the malaria burden from 1958 to 1959 is likely to be larger.
24For example, individuals born at the beginning of 1959 were more exposed than individuals
born at the end of that year. By the same token, individuals born in the initial months of 1960 are
likely to have been exposed while in utero.
25However, for specifications in which I impose strong sample size restrictions, the results be-
come imprecisely estimated, despite the large effects suggested by the estimated coefficients. Re-
sults are available upon request.
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1961 and 1963) as the post-eradication sample.
In addition to estimating equation 1.1 separately for each birth cohort, I em-
ploy a DID strategy to ask whether more exposed individuals, according to their
month and state of birth, experienced larger gains in long-run socioeconomic out-
comes, compared to less exposed individuals. The DID strategy accounts for
time-invariant unobservable regional characteristics, such as geographic factors,
that might be correlated with the outcomes. Therefore, the second specification
can be estimated by the equation
Outcomeismy =  Exposurems⇥Post+↵c+ s+X 0ismy⇥Post +"ismy, (1.2)
where the variables are expressed as before with the addition of the term Post,
which indicates whether the individual belongs to the pre- or post-eradication birth
cohort. Control variables are allowed to vary between cohorts. The   coefficient
captures any relative gains in outcomes by more exposed individuals members of
the post-eradication birth cohort. Suppose, for simplicity, that exposure is given
by a binary treatment: exposed or not exposed. In this sense, the DID analy-
sis would compare outcomes of both groups across birth cohorts to see whether
after the decline in malaria, the treatment group (those who benefited from the
campaign) exhibited relatively larger improvements in outcomes across time com-
pared to the control group. Even though the treatment is a continuous variable in
the analysis, the interpretation of the effects follows this same basic idea.
I consider risk of malaria transmission on different periods of early life to ac-
count for potential heterogeneous long-term effects on different stages of life.
Conceptually, the timing of malaria infection might lead to different patterns of
subsequent health conditions. Early gestational malaria, occurring within the first
18 weeks following conception, is associated with symmetric growth retardation,
thereby causing permanent neurological consequences for the infant.26 How-
ever, asymmetric growth retardations, which are associated with infections at
later stages, may also also lead to ill effects, such as low birth weight, increas-
ing the likelihood of long-term repercussions. Some authors, for example, point
26Epidemiological studies have found severe consequences for later-life health after deteriora-
tions of initial health stock. Ravelli et al. (1976) found that exposure to famine on the first trimester
of pregnancy leads to large effects on obesity rates after reaching adulthood. Moreover, McAlister
(2007) has found long-term defects such as heart disease and deafness after pregnant women are
infected with Rubella during the first trimester.
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out to the relatively higher risk of malaria infection during the second trimester
of pregnancy, a critical period of gestation (Singh et al., 1999; Desai et al., 2007).
Moreover, Luxemburger et al. (2001) find low birth weight, and other sequelae,
after infections during the third trimester of pregnancy. However, epidemiological
studies addressing the consequences of timing of infection during pregnancy lack
longitudinal observations on parasite prevalence throughout pregnancy (Umbers
et al., 2011). The research design followed by this paper, thus, remains agnostic
as to what are the most critical periods of exposure to malaria and explores the
long-term effects on a range of different early life periods.
In light of the potential heterogeneous treatment effects during different peri-
ods of early life, I employ the same strategy to define early life exposure at the
trimester level. In particular, I construct an exposure variable for each of the three
trimesters of pregnancy as the average risk of transmission during the correspond-









where k = 9, 6, 3 and n = 7, 4, 1 whenever T = 1, 2, 3, respectively. The
trimester exposure analysis, then, can be represented by
Outcomeismy =  Exposure
T
ms + ↵c +  s +X
0
imsy + "imsy, (1.3)
where the variable definitions are as above. I estimate equation 1.3 separately
for each trimester of exposure to address the effects of malaria exposure. Ad-
ditionally, I compare long-term socioeconomic outcomes of both pre- and post-
eradication cohorts by estimating a DID model along the lines of equation 1.2
above.
The empirical strategy described above has some limitations that are worth
mentioning. First, I cannot specifically ascertain which specific mechanisms are
being captured by the results. Since I do not observe the individual-level inci-
dence of malaria, the effects might be through infections of the parents, relatives,
or neighbors. The identification strategy can, thus, be characterized as an intent-
to-treat analysis. Additionally, general equilibrium effects might also be at play.
For instance, assuming that decline in malaria rates lead to higher human capital,
the rate of return to these investments would increase among more exposed indi-
viduals. These effects might also spill over to non-exposed individuals. The net
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general equilibrium effect in this situation is uncertain. Third, malaria infections
might cause the death of the weakest individuals, causing a selection problem in
the analysis, with the parameters being estimated with an upward bias. I postpone
the discussion of mortality selection to section 6.3.
1.6 Results and Discussion
In general, average socioeconomic outcomes across pre- and post-eradication sam-
ples are similar. Table 1.1 shows the descriptive statistics of both periods, broken
down by gender. Women accumulate more education than men in both periods,
whereas men attain consistently higher incomes. The average number of children
is 2.69 in the 1959 sample and 2.64 in the 1960 sample, as shown in panel A.
Panel B displays demographic characteristics such as race, fraction of migrants,
and fraction of individuals residing in rural areas. The table shows consistent
numbers across gender and cohorts. Panel C presents average information about
state infant mortality and GDP per capita.
Table 1.1: Summary Statistics
Pre-Eradication Sample (1959) Post-Eradication Sample (1960)
Men Women Men Women
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
Panel A. Outcome variables
Years of Education 6.78 4.53 7.54 4.72 6.75 4.54 7.53 4.70
Income 9.86 16.02 7.06 12.51 9.40 15.54 6.73 11.40
Fertility . . 2.69 2.14 . . 2.64 2.11
Panel B. Demographic Characteristics
White 0.55 0.50 0.56 0.50 0.54 0.50 0.55 0.50
Indigenous 0.00 0.05 0.00 0.05 0.00 0.04 0.00 0.05
Black 0.07 0.25 0.07 0.26 0.07 0.26 0.07 0.25
Brown 0.38 0.48 0.36 0.48 0.38 0.49 0.38 0.48
Mover 0.23 0.42 0.22 0.41 0.22 v0.42 0.22 0.41
Rural 0.17 0.38 0.16 0.36 0.18 0.39 0.16 0.37
Panel C. State-level Controls
Infant Mortality 0.25 0.10 0.25 0.10 0.25 0.10 0.25 0.09
GDP per capita 15.68 6.79 15.49 6.77 15.47 6.90 15.35 6.90
Number of Observations 36421 28124 40806 31509
Number of States 18
Notes. Means and standard deviations are weighted using sample weights. Sample includes Brazilian residents aged 23–65 and excludes individ-
uals born in Legal Amazon states. Panel A reports average and standard deviation of outcome variables in the 1959 and 1960 birth cohorts. Panel
B reports demographic characteristics of the sample, including race, the proportion of migrants, and the proportion of individuals living in rural
areas.
The results of the estimation are shown below according to different periods
of exposure to malaria. The first set of results addresses in utero exposure as the
average risk of malaria transmission throughout the pregnancy period. Next, I
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address timing of exposure in different trimesters of the pregnancy to account for
heterogeneous effects of exposure in different critical periods of gestation. Finally,
I consider a range of potential issues that might lead to inconsistent estimates of
my main specification.
1.6.1 Baseline Results
The first analysis of the connection between early life exposure to malaria and
long-term adult outcomes compares cohorts born shortly before and shortly after
the large decline in malaria rates throughout the country. If early life exposure
to malaria affects long-term outcomes, the baseline estimation in equation 1.1
should display stronger effects on the pre period. Since the sample is restricted to
only two consecutive birth cohorts, any differences in long-term outcomes can be
attributed to the effects of changes in the early-life environment.
Panel A of table 1.2 shows the estimation results for the 1959 birth cohort sam-
ple. All coefficients are from regressions using the full set of controls and state-of-
birth fixed effects. The results suggest a strong and statistically significant effect
of early life exposure to malaria on educational attainment for the pre-eradication
birth cohort sample. Individuals in utero in months with higher risk of exposure
to malaria, on average, have less education than less-exposed individuals during
the same period. The long-term effects of early life exposure on income are some-
what less precise, but still statistically significant and negative. In utero exposure
does not seem to have any effect on fertility.
Panel B provides the same estimation carried out in Panel A for the 1960 birth
cohort. Individuals born in the subsequent year, when malaria rates have largely
declined, do not show any statistically significant differences in any of the an-
alyzed outcomes according to their early life exposure, as expected. By 1960,
malaria rates had already reached their lowest levels, causing no effect on socioe-
conomic outcomes. In panel C, a DID design compares the gains in outcomes for
the pre- and post-eradication birth cohorts. In particular, I interact the treatment
variable – in utero exposure – with a dummy variable Post indicating whether
the individual belongs to the post-eradication birth cohort. The results show that
more-exposed cohorts born in the post period saw larger gains in years of educa-
tion compared to less-exposed cohorts. The results in column (2) show positive,
though not statistically significant, gains in income for the more-exposed cohorts
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Panel A. Pre-Eradication Sample (1959)
Treatment Effect  20.77⇤⇤⇤  2.712⇤⇤ 5.003
(5.812) (1.007) (3.140)
Observations 29,677 27,936 13,115
R-squared 0.209 0.183 0.130
Full Set of Controls Yes Yes Yes
State Fixed Effects Yes Yes Yes
Linear Trends No No No
Panel B. Post-Eradication Sample (1960)
Treatment Effect 1.602 -1.608  7.154⇤
(6.938) (1.377) (3.483)
Observations 33,116 31,127 14,743
R-squared 0.209 0.194 0.120
Full Set of Controls Yes Yes Yes
State Fixed Effects Yes Yes Yes
Linear Trends No No No
Panel C. Differences-in-Differences Results
Treatment Effect⇥Post 22.38⇤⇤⇤ 1.102  12.16⇤⇤
(7.376) (1.203) (4.486)
Observations 62,793 59,063 27,828
R-squared 0.209 0.189 0.125
Full Set of Controls Yes Yes Yes
Birth Cohort Fixed Effects Yes Yes Yes
State Fixed Effects Yes Yes Yes
Linear Trends Yes Yes Yes
Notes. OLS estimates with robust standard errors clustered at the state level in parentheses.
Sample weights are used. The sample includes individuals aged 23-65 years old in years 1959
and 1960. In Panels A and B, treatment is identified by the average in utero exposure, expressed in
terms of state-level monthly average cases. In Panel C, the treatment is interacted with a variable
indicating whether the individual belongs to Pre or Post eradication birth cohort. Legal Amazon
is excluded. Individual controls include gender and race, whereas region control includes whether
the individual lives in a rural area, state GDP per capita, infant mortality, whether the individual is
a migrant. Panels A and B estimations also include latitude and longitude as additional controls.
The fertility analysis restricts the sample to female individuals only. *** p<0.01, ** p<0.05, *
p<0.1
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born in the post-eradication period. The effects on fertility are negative but also
statistically significant.
In general, the results suggest long-term effects of in utero exposure to malaria
on educational attainment and income for the cohorts born before the eradication
era. The effects seem to stem from exposure during gestation; otherwise we would
see similar results for the 1960 birth cohort. The results further indicate that the
gains in education from the more-exposed cohorts were not followed by any gains
in income. Moreover, women more exposed to malaria during early life do not
exhibit any differences in terms of fertility, compared to the non-exposed women.
1.6.2 Trimester of Exposure Results
According to some epidemiological studies, infections in different timing of fetal
development might lead to different paths of effects on cognition and health de-
velopment (Smith, 2004; Menendez, 1995; Matteelli et al., 1997; Umbers et al.,
2011). In this section, I consider exposure in all three trimesters of pregnancy
to check for heterogeneous effects of timing of exposure. Table 1.3 shows the
estimation of equation 1.1 for exposure in each trimester of pregnancy for both
samples (1959 and 1960). The results indicate a strong effect of exposure during
the first three months of pregnancy on the long-run outcomes in the 1959 birth
cohort.
Table 1.3: Early Life Exposure to Malaria OLS Results – Trimester Exposure
Pre-Eradication Sample (1959) Post-Eradication Sample (1960)
Education Income Fertility Education Income Fertility
(1) (2) (3) (4) (5) (6)
First Trimester  16.31⇤⇤  2.766⇤⇤ 14.30⇤⇤⇤ 1.684  2.423⇤⇤ -4.766
(6.827) (1.104) (4.633) (6.054) (1.048) (5.204)
Second Trimester  12.20⇤⇤ -0.788 -9.102 -1.506 0.691 -7.228
(5.279) (1.007) (5.931) (6.295) (0.893) (5.228)
Third Trimester 7.159 0.766 -0.347 1.457 0.239 5.516
(9.330) (0.839) (4.060) (6.155) (1.438) (3.496)
Observations 29,677 27,936 13,115 33,116 31,127 14,713
Full set of controls Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes
OLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are used. The sample
includes individuals aged 23-65 years old in years 1959 and 1960. Treatment is identified by the average risk of exposure,
expressed in terms of state-level monthly average cases. Legal Amazon is excluded. Individual controls include gender and
race, whereas region control includes whether the individual lives in a rural area, state GDP per capita, infant mortality,
whether the individual is a migrant. The fertility analysis restricts the sample to female individuals only. *** p<0.01, **
p<0.05, * p<0.1
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In general, higher in utero exposure to malaria during first trimester leads to
lower educational attainment, lower income, and higher fertility.27 The point esti-
mates are qualitatively similar to the ones obtained in the previous results for the
overall in utero exposure. The treatment effect is somewhat smaller for the educa-
tional attainment and roughly the same for income. The fertility result, however,
indicates that exposure to malaria early in gestation might have long-term con-
sequences. In fact, fetal growth restrictions caused by malaria infections might
have more severe consequences during the first trimester of pregnancy, when the
impairment of fetal development is made in a symmetric manner. Fetuses with
symmetric growth restrictions are more likely to develop permanent neurological
sequalae (Umbers et al., 2011).
Exposure to malaria in the second trimester of pregnancy seems to also have
negative impact on education attainment, albeit a smaller treatment effect when
compared to exposure during the first trimester. The results do not indicate any
effects of on income or fertility linked to infections during the second trimester.
My second-trimester results are in line with Desai et al. (2007) and Singh et al.
(1999), who conclude that malaria infections during the second trimester may lead
to greater likelihood of low birth weights and pre-mature births. Additionally,
third trimester malaria exposure does not seem to be associated with long-term
consequences for any of the analyzed outcomes. The results for the post eradica-
tion sample indicate no exposure effects on socioeconomic outcomes, except for
income, during the first trimester, as shown in column 5 of table 1.3.28
Next, I analyze the DID results by trimester of exposure. Again, the results
indicate that the effects of changes in the malaria burden are more pronounced
during first periods of intrauterine life. Table 1.4 provides the results of equation
1.2 for each trimester. Relative to less exposure, more-exposed individuals during
first and second trimesters of pregnancy, born on post-eradication cohort, expe-
rienced larger gains in educational attainment compared to the pre-eradication
cohort.29 Moreover, the DID results suggest no relative gains in income for the
more-exposed individuals members of the post-eradication birth cohort. Finally,
the fertility DID analysis shows a larger decline in number of children for the
27The positive effect on fertility might be explained by the lower opportunity costs associated
with the reduced achievements in the labor market.
28This result might seem puzzling at first, but as I discuss in section 6.3.5, some groups of people
born in 1960 might display some degree of residual early-life exposure, given that reductions in
malaria burden were not instantaneous (although very rapidly).
29The second trimester education results are only significant at the 10 percent level.
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Table 1.4: Early Life Exposure to Malaria DID Results – Trimester Exposure
Education Income Fertility
(1) (2) (3)
First Trimester Exposure ⇥ Post 18.00⇤⇤⇤ 0.343 -19.07⇤⇤
(5.670) (1.726) (8.397)
Second Trimester Exposure ⇥ Post 10.69 1.497 1.874
(6.244) (1.529) (9.908)
Third Trimester Exposure ⇥ Post -5.703 -0.527 5.863
(7.165) (1.384) (3.984)
Observations 62,793 59,063 27,828
Full set of controls Yes Yes Yes
State Fixed Effects Yes Yes Yes
Linear Trends Yes Yes Yes
OLS estimates with robust standard errors clustered at the state level in
parentheses. Sample weights are used. The sample includes individuals
aged 23-65 years old in years 1959 and 1960. Treatment is identified by
the average risk of exposure, expressed in terms of state-level monthly av-
erage cases. The treatment is interacted with a variable indicating whether
the individual belongs to the Post eradication birth cohort. Legal Amazon is
excluded. Individual controls are the same as in previous table. *** p<0.01,
** p<0.05, * p<0.1
more-exposed cohort compared to less exposure.
The analysis carried out in this and in the previous sections suggests that early
life exposure to malaria might lead to long-term consequences on adult socioeco-
nomic outcomes. Although the exact mechanism of this relationship is not explic-
itly tested, it is clear that shocks to the initial health endowment cause long-term
health problems. Poor adult health might seem the main channel through which
early life malaria exposure affect educational attainment, income and fertility de-
cisions.
1.6.3 Sensitivity Analysis
In this section, I discuss some of the possible alternative answers or mechanisms
that might lead to the results obtained in the previous section. First, I separate the
effects of early life exposure to malaria on men and women. Second, I address
the issue of mortality selection by analyzing the exposure effects on the likelihood
of stillbirths for childbearing-age women during the period in which the disease
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was endemic. A different possible bias in the previous section’s results relates to
selection in migration patterns across states in Brazil. To address this issue, I sep-
arately estimate the exposure effects on two subsamples: movers and non-movers.
I also address the issue of endogeneity in the exposure variable by instrumenting
the risk of infection with specific climatic conditions necessary for malaria out-
breaks to occur. Finally, I test for different timings of birth in defining exposure
across cohorts.
Men vs. Women
Are there any differences in the long-run effects of early life exposure to malaria
between men and women? Some studies in the literature on long-run impacts
of early life health have noted systematic heterogeneous effects across genders
(Almond and Mazumder, 2011; Banerjee et al., 2010; Cutler et al., 2010; Bhalotra
and Venkataramani, 2015; Venkataramani, 2012).
In order to address this issue, I estimate equations 1.1 and 1.2 separately for
men and women. Results are displayed in table 1.5. Consistent with previous
findings, I do observe stronger and more precisely estimated effects for men when
considering in utero exposure for the 1959 birth cohort, in panel A. For the placebo
birth cohort, in panel B, no treatment effects, either on education or income, are
observed for ether men or women. Relative gains in education are seen, however,
for both gender groups, in panel C. Relative to the less exposed, members of the
1960 birth cohort who were relatively more exposed to malaria, on average, spend
more time in school, compared to the previous birth cohort. The results do not
indicate any relative difference in income or fertility for either men or women
across birth cohorts.30
A possible explanation for why I find statistically significant results only for
men in the fixed effects model is that male fetuses are biologically more vulnerable
than female ones. Thus, higher exposure of male individuals would lead to a
higher likelihood of greater morbidity and larger impacts on subsequent health.
This hypothesis is consistent with medical findings, suggesting stronger negative
health shocks effects on men versus women (Kraemer, 2000; Low, 2015; Waldron,
1983).31
30Notice that the fertility results are the same as the ones observed and discussed in table 1.1,
since the data only reports fertility outcomes among women.
31Venkataramani (2012) discusses his findings of stronger effects of malaria on cognition for
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Table 1.5: Early Life Exposure to Malaria OLS Results – Men vs Women
Men Women
Education Income Education Income Fertility
(1) (2) (3) (4) (5)
In utero Exposure
Panel A. Pre-Eradication Sample (1959)
Treatment Effect  22.94⇤⇤⇤  2.762⇤⇤ -16.59 -2.550 5.003
(5.531) (0.978) (12.71) (1.955) (3.140)
Observations 16,606 16,401 13,071 11,535 13,115
R-squared 0.223 0.212 0.189 0.127 0.130
Birth Cohort Fixed Effects Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes
Linear Trends No No No No No
Panel B. Post-Eradication Sample (1960)
Treatment Effect -6.305 -1.413 10.14 -2.173  7.154⇤
(4.485) (1.407) (11.81) (1.890) (3.483)
Observations 18,458 18,175 14,658 12,952 14,713
R-squared 0.232 0.231 0.176 0.132 0.120
Birth Cohort Fixed Effects Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes
Linear Trends No No No No No
Panel C. Differences-in-Differences Results
Treatment Effect⇥Post 13.64⇤⇤⇤ 1.349 26.73⇤ 0.378  12.16⇤⇤
(5.510) (1.801) (14.59) (1.804) (4.486)
Observations 35,064 34,576 27,729 24,487 27,828
R-squared 0.228 0.222 0.182 0.130 0.125
Birth Cohort Fixed Effects Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes
Linear Trends Yes Yes Yes Yes Yes
Notes. OLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights
are used. The sample includes individuals aged 23-65 years old in years 1959 and 1960. In Panels A and B,
treatment is identified by the average in utero exposure, expressed in terms of state-level monthly average cases.
In Panel C, the treatment is interacted with a variable indicating whether the individual belongs to Pre or Post
eradication birth cohort. Legal Amazon is excluded. Individual controls include gender and race, whereas region
control includes whether the individual lives in a rural area, state GDP per capita, infant mortality, whether the
individual is a migrant. Panels A and B estimations also include latitude and longitude as additional controls.
The fertility analysis restricts the sample to female individuals only. *** p<0.01, ** p<0.05, * p<0.1
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As for the DID model results, notice that women spend more years in school
than men, on average (see table 2.2). If the returns to human capital are higher
for women in the labor market, the results that the educational benefits from the
eradication of malaria are stronger for women, as shown in panel C, are consistent
with the hypothesis that women benefited relatively more from the decline in the
overall exposure to malaria transmission.
Selective Mortality
If the most vulnerable and weakest individuals do not survive in utero exposure to
malaria, the previous results are potentially biased due to selection on mortality.
Early life exposure to health shocks affect both the unobserved distribution of ini-
tial health endowments and the health threshold level at which survival to infancy
occurs. Whenever mortality increases due to negative health shocks (such as early
life exposure to malaria), the initial health distribution shifts, which implies lower
lifetime health. However, when the health shocks lead to greater fetal mortality,
then the implication for general subsequent health is the opposite: the fetuses that
survive to infancy will likely be healthier than if the in utero health shock had not
caused greater mortality rates. If the latter effect prevails, the results would be
biased against my estimation results.
The concern that mortality selection is a potential source of bias on my results
are alleviated by the fact that the most prevalent parasite in Brazil, the P. vixax,
rarely causes death, compared to the P. falciparum, which is commonly found in
Sub-Saharan Africa.32 I address the issue more formally by testing whether more
exposed women at childbearing age during the pre-eradication era had higher like-
lihood of miscarriages or stillbirths. In particular, I use number of deceased chil-
dren while in utero as the dependent variable, and I use a state-level ecology-based
index33 that captures the stability and strength of malaria transmission as the main
independent variable.34 The results show no difference between in utero mortality
men in Mexico in light of this hypothesis.
32P. falciparum is also common in the Amazon region in Brazil. However, this is not a concern
since I drop Legal Amazon states from the analysis.
33See Appendix A for further details on the construction of the malaria index.
34The estimation uses the same set of controls as in the other results, with the lone difference
being that I use a higher-order birth cohorts in the sample. Particularly, I consider female individ-
uals born prior to 1944, which indicates being at a childbearing age during pre-eradication. I am
able, therefore, to control for state-level fixed effects, as well as for birth-cohort fixed effects and
linear trends.
27
across different levels of exposure to malaria. I further test for differential effects
on male and female fetuses, and for the probability of stillbirths associated with
different malaria risks. The results indicate no relationship between malaria bur-
den and mortality differences among women who experienced greater or lesser
levels of exposure to the disease.35
Selective Migration
Another potential source of bias might be attributed to selection on migratory
patterns in Brazil. It is possible that the most privileged (high-skill) individuals
migrate to areas in which the malaria burden is low. I rule out this potential effect
in my analysis because I identify individuals according to their location of birth
rather than to their location of residence. To more formally address this potential
bias, I construct two individual-level datasets for movers and non-movers and
estimate the effects of early life exposure to malaria separately for each sample.
Table 1.6 contains the OLS results for the 1959 and 1960 birth cohorts, as well
as DID estimations comparing differences in outcomes pre- and post-eradication
periods. Panel A shows a negative and statistically significant treatment effect on
educational attainment for both movers and non-movers born in 1959 (although
the effect is somewhat stronger for the mover sample). Moreover, the treatment
effect on income and fertility only seem to be significant for the non-mover sam-
ple. As expected, I do not find any treatment effects on the long-run outcomes for
the placebo cohort, as shown in panel B.
In panel C, the DID estimation shows qualitatively similar results across movers
and non-movers. The educational attainment gains for more-exposed individuals
compared to less-exposed was higher among the movers. Moreover, I find no
associated gains in income on either sample. Finally, the larger decline in fertility
after the reduction of malaria burden among the more exposed cohorts is observed
among movers.
In general, the results described in this section, allied to the fact that I observe
individuals’ state of birth rather than residence, suggest that selective mortality
is not a first-order factor driving the results. Although the treatment effects are
larger for the movers sample in some specifications, the qualitative implications
of both estimations are similar.
35Selective mortality results are available upon request.
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Table 1.6: Early Life Exposure to Malaria OLS Results – Movers vs Non-Movers
Non-Movers Movers
Education Income Fertility Education Income Fertility
(1) (2) (3) (1) (2) (3)
In utero Exposure
Panel A. Pre-Eradication Sample (1959)
Treatment Effect  18.40⇤⇤⇤  3.282⇤⇤⇤ 7.338⇤⇤  30.17⇤⇤ -1.992 2.012
(5.865) (0.978) (3.382) (11.83) (2.237) (9.296)
Observations 22,883 21,459 10,252 6,794 6,477 2,863
R-squared 0.230 0.204 0.153 0.152 0.123 0.057
Full Set of Controls Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes
Linear Trends No No No No No No
Panel B. Post-Eradication Sample (1960)
Treatment Effect -1.384 -2.460 -5.562 17.77 1.844 -11.74
(6.207) (2.057) (5.422) (12.32) (1.990) (11.98)
Observations 25,717 24,088 11,475 7,399 7,039 3,238
R-squared 0.225 0.216 0.139 0.161 0.124 0.052
Full Set of Controls Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes
Linear Trends No No No No No No
Panel C. Differences-in-Differences Results
Treatment Effect⇥Post 17.01⇤⇤ 0.822  12.90⇤⇤ 47.94⇤⇤⇤ 3.836 -13.75
(7.120) (1.583) (5.964) (13.40) (2.384) (10.26)
Observations 48,600 45,547 21,727 14,193 13,516 6,101
R-squared 0.227 0.211 0.146 0.157 0.123 0.055
Full Set of Controls Yes Yes Yes Yes Yes Yes
Birth Cohort Fixed Effects Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes
Linear Trends Yes Yes Yes Yes Yes Yes
Notes. OLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are
used. The sample includes individuals aged 23-65 years old in years 1959 and 1960. In Panels A and B, treatment is
identified by the average in utero exposure, expressed in terms of state-level monthly average cases. In Panel C, the
treatment is interacted with a variable indicating whether the individual belongs to Pre or Post eradication birth cohort.
Legal Amazon is excluded. Individual controls include gender and race, whereas region control includes whether the
individual lives in a rural area, state GDP per capita, infant mortality, whether the individual is a migrant. Panels A
and B estimations also include latitude and longitude as additional controls. The fertility analysis restricts the sample to
female individuals only. *** p<0.01, ** p<0.05, * p<0.1
Endogeneity of Exposure: Instrumental Variables Estimation
One potential concern in my analysis is that the constructed exposure variable
may suffer from measurement error, and thereby may not be able to fully account
for truly exogenous variations in the risk of malaria transmission. One example
of a possible bias resulting from measurement error is that higher-income states
are more capable of diagnosing and reporting malaria than lower-income states
with poorer health institutions. Alternatively, malaria can be misreported when
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mistakenly diagnosed as a different disease.36 If this underreporting is associated
with regional characteristics, such as average educational levels, my results would
suffer from attenuation bias. In this section I discuss the sensitivity of my results
to such potential measurement error by instrumenting the risk of malaria trans-
mission with specific climatic factors that affect the distribution and survival of
both the mosquito and parasite of malaria.37
I follow Tanser et al. (2003) and identify short-term exposure to malaria as
a function of monthly climatic variations, which reflect the intrinsic relation-
ship between vector and parasite development with temperature and precipita-
tion. Malaria transmission is highly sensitive to climatic variations within the
year. Warm temperatures are needed for survival of both parasite and vector. Ad-
ditionally, rainfall augments opportunities for the proliferation of the Anopheles
mosquitoes by creating breeding sites where eggs can be deposited.38
I identify months in which malaria transmissions are likely the highest through-
out the year according to climatic variations that satisfy the following condi-
tions:39
1. Average monthly rainfall in the last three months is at least 60mm/m2;
2. Rainfall in at least one of the past three months is at least 80mm/m2;
3. The average monthly temperature in the past three months exceeds 19.5 C+
Standard Deviation of average temperature in the past 12 months.
The Two Stage Least Squares (2SLS) estimation procedure for each trimester of
exposure results is constructed as follows: In the first stage, I estimate the relation-
ship between exposure, as measured by the monthly risk of malaria transmission,
and a set of variables indicating whether each month of exposure satisfies each of
36The most common symptoms of malaria are similar to other diseases caused by viruses, such
as the Flu.
37If the measurement error is classical, the instrumental variables approach will produce con-
sistent estimates.
38See Section 3 for further discussion on the relationship between short-term malaria outbreaks
and climatic variation.
39Cervellati et al. (2017), in a recent paper, explores the causal effects of short-term malaria out-
breaks on the escalation of violent conflicts within Sub-Saharan Africa using the same conditions
as above, with the inclusion of the additional restriction that the average temperature does not fall
below 5 C in the previous 12 months. However, this restriction is non-binding for all data points
in my sample.
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the above conditions.40 The first stage relationship between malaria transmission
risk and climatic conditions can be expressed as
Exposure
T
















3m k +  2I
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where, as before, I define T = 1, 2, 3 to represent the trimesters of exposure, and
k = 9, 6, 3 whenever T = 1, 2, 3, respectively. Is1 , Is2 , and Is3 are indicator vari-
ables that denote whether conditions 1, 2, and 3 above are satisfied for each month
of exposure and state s, respectively.41 The second stage regression equation is
given by
Outcomeismy =   dExposureTms + ↵c +  s +X 0imsy + "imsy, (1.5)
, where the variables in the above equation are given as before, and dExposureTms
is given by the estimated relationship in equation 1.5. I also estimate equation 1.2
by 2SLS, using the climatic variables described above as excluded instruments.
Particularly, I interact each excluded instrument with the indicator Post in the
first stage. The second stage is estimated by using predicted Exposure obtained
in the first stage.42
Table 1.7 describes the second stage results of the IV estimation for the pre-
eradication birth cohort. I provide the OLS results from previous sections in order
to compare the differences in the estimated coefficients. The 1959 sample results
are shown in columns 1 through 6. In controlling for measurement error in the
dependent variable, the 2SLS estimation produces more significant treatment ef-
fects for first-trimester exposure on educational attainment, which is measured by
years of education. The estimated coefficient is larger in magnitude than simple
OLS estimates and statistically significant at the 1 percent confidence level. This
40I forgo the in overall in utero exposure analysis since the required number of exogenous
regressors and excluded instruments for such analysis would be greater than the number of clusters
of the standard errors, which implies that the usual overidentification tests and the first stage F-
statistics cannot be computed, since the covariance matrix of orthogonality conditions would not
have full rank.
41In addition to the specified monthly climatic variables, the first stage estimation adds the full
control variables set and state fixed effects as in the OLS estimation discussed above.
42Appendix B provides the results of the first stage estimation as well as reduced form estimates,
relating outcome variables and excluded instruments.
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result provides further support for the observations that first-trimester exposure
might cause long-lasting consequences. Despite OLS estimates suggest signifi-
cant treatment effects of first-trimester exposure on both income and fertility, the
2SLS results do not seem to corroborate these results. It is possible that OLS
estimates are capturing some of the misreporting effects or regional unobserved
characteristics associated with the health environment. However, I then conduct
the analysis for different income percentiles to capture heterogeneous effects of
exposure on the income distribution; this analysis shows negative and statistically
significant effects for bottom 10 percent, suggesting that, among low-income fam-
ilies, exposure to malaria during the first trimester of pregnancy leads to long-term
effects on income. In particular, restricting the sample to the bottom 10 percent of
the income distribution, the point estimate of the first trimester exposure effect on
personal income is -28.860, with p-value 0.044. The 2SLS results, furthermore,
suggests no significant effect on the remaining outcomes of the analysis as the
result of in utero exposure during the second or third trimester.
Table 1.7: Early Life Exposure to Malaria IV Results (Pre-Eradication Sample)
Education Income Fertility
(1) (2) (3) (4) (5) (6)
OLS 2SLS OLS 2SLS OLS 2SLS
First Trimester  16.31⇤⇤  48.24⇤⇤⇤  2.766⇤⇤ 3.723 14.30⇤⇤⇤ -9.124
(6.827) (18.35) (1.104) (7.182) (4.633) (19.17)
First stage F statistic 173.81 219.27 198.21
Second Trimester  12.20⇤⇤ 12.44 -0.788 -0.690 -9.102 -0.178
(5.279) (24.63) (1.007) (5.016) (5.931) (19.33)
First stage F statistic 188.71 150.88 560.87
Third Trimester 7.159 25.02 0.766 -1.023 -0.347 -0.0173
(9.330) (19.67) (0.839) (2.361) (4.060) (19.90)
First stage F statistic 206.96 198.17 177.78
Observations 29,677 27,936 13,115
Full set of controls Yes Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes
2SLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are
used. The sample includes individuals aged 23-65 years old in years 1959 and 1960. Treatment is identified
by the average risk of exposure, expressed in terms of state-level monthly average cases. Legal Amazon is
excluded. Individual controls include gender and race, whereas region control includes whether the individual
lives in a rural area, state GDP per capita, infant mortality, whether the individual is a migrant. The fertility
analysis restricts the sample to female individuals only. *** p<0.01, ** p<0.05, * p<0.1
Columns 7 through 12 of table 1.8 shows the effects of in utero exposure for
the 1960 (placebo) sample. Contrary to the OLS results, the 2SLS estimates indi-
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cate a statistically significant negative treatment effect on education and income,
which potentially contradicts the previous findings that individuals in the post-
eradication sample were not exposed to the treatment effect because malaria had
declined precipitously in 1959. However, notice that individuals born in 1960
could potentially be somewhat exposed to higher malaria, depending on the dis-
tribution of the birth dates across individuals from that sample. Moreover, the
point estimates are consistently smaller and less significant than those from the
1959 sample. To address this issue more precisely, I re-estimate the exposure ef-
fects for a different sample, considering individuals who were born in subsequent
years, 1961 and 1962; this guarantees no overlap in the scale of different exposure.
Table 1.8: Early Life Exposure to Malaria IV Results (Post-Eradication Sample)
Education Income Fertility
(7) (8) (9) (10) (11) (12)
OLS 2SLS OLS 2SLS OLS 2SLS
First Trimester 1.684  27.59⇤  2.423⇤⇤  8.220⇤⇤ -4.766 -1.639
(6.054) (14.32) (1.048) (3.332) (5.204) (6.364)
First stage F statistic 46.63 60.00 66.65
Second Trimester -1.506 13.39 0.691 9.880⇤ -7.228 -10.45
(6.295) (13.42) (0.893) (5.371) (5.228) (16.05)
First stage F statistic 192.54 126.89 191.38
Third Trimester 1.457 11.94 0.239 6.184 5.516 23.08⇤
(6.155) (26.25) (1.438) (4.399) (3.496) (13.35)
First stage F statistic 73.28 98.54 50.74
Observations 33,116 31,127 14,713
Full set of controls Yes Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes Yes
2SLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are
used. The sample includes individuals aged 23-65 years old in years 1959 and 1960. Treatment is identified
by the average risk of exposure, expressed in terms of state-level monthly average cases. Legal Amazon is
excluded. Individual controls include gender and race, whereas region control includes whether the individual
lives in a rural area, state GDP per capita, infant mortality, whether the individual is a migrant. The fertility
analysis restricts the sample to female individuals only. *** p<0.01, ** p<0.05, * p<0.1
The results validate the previous findings, indicating no effect of early life ex-
posure on long-term outcomes.43 For each of the regression results displayed in
tables 1.7 and 1.8 I present the F statistics of the first stage to assess the inclusion
restriction assumption of the IV model. For all estimations, the F statistics are
large enough to reject the hypothesis of weak instruments.44
43Results are available upon request.
44All regressions F statistics are above the Stock and Yogo (2005) critical value for a test of
maximal size 0.05.
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Table 1.9: Early Life Exposure to Malaria DID IV Results – Trimester Exposure
Education Income Fertility
(1) (2) (3) (4) (5) (6)
OLS 2SLS OLS 2SLS OLS 2SLS
First Trimester Exposure ⇥ Post 30.73⇤⇤⇤ -19.66 2.135 -8.842 -20.96⇤ 15.65
(8.303) (19.33) (1.592) (7.691) (10.02) (15.08)
First stage F statistic 118.11 140.77 2102.71
Second Trimester Exposure ⇥ Post 14.05⇤ -6.953 -0.530 0.0838 5.484 19.79
(6.884) (19.94) (1.733) (4.173) (6.239) (20.38)
First stage F statistic 50229.49 17244.46 4.9e+05
Third Trimester Exposure ⇥ Post -11.90 -19.92 1.298 -5.617 5.677 15.66
(12.92) (22.56) (2.324) (6.941) (7.230) (11.30)
First stage F statistic 2078.87 65778.05 7.2e+05
Observations 60,904 57,440 26,904
Full set of controls Yes Yes Yes Yes Yes Yes
State Fixed Effects Yes Yes Yes Yes Yes Yes
Linear Trends Yes Yes Yes Yes Yes Yes
2SLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are used. The sample
includes individuals aged 23-65 years old in years 1959 and 1960. Treatment is identified by the average risk of exposure,
expressed in terms of state-level monthly average cases. The treatment is interacted with a variable indicating whether the
individual belongs to the Post eradication birth cohort. Legal Amazon is excluded. Individual controls include gender and race,
whereas region control includes whether the individual lives in a rural area, state GDP per capita, infant mortality, whether the
individual is a migrant. The fertility analysis restricts the sample to female individuals only. *** p<0.01, ** p<0.05, * p<0.1
Table 1.9 provides the DID results for trimester of exposure, using the climatic
variables as excluded instruments. Once again, I provide OLS estimates to com-
pare with the 2SLS results. I find no gains in socioeconomic outcomes by exposed
individuals born in the post eradication year compared to individuals born in pre-
eradication era.
Collectively, the results of this section further underscores the long-term ef-
fects of in utero exposure to malaria on human capital accumulation. The findings
suggests that the timing of exposure is paramount, and that the critical period
of exposure is very early, during the initial three months of fetal development.
The strong effects observed on educational attainment might suggest that first-
trimester infections, by delaying or hampering brain development, might affect
cognition, leading to worse educational achievement. The observed treatment ef-
fect of early life exposure to malaria only on lower-income groups can partially be
explained by the fact that higher-income individuals have better opportunities and
resources to help compensate for the potential detrimental effects of the exposure.
On a theoretical note, Bleakley (2010a) points out that the economic decisions
about human capital investments depend on both the discounted benefits of one
additional year in school (higher adult productivity) and costs (either in the form
of implicit opportunity costs or forgone wages in the labor market). Lower levels
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of initial physical health endowments or cognitive abilities might negatively affect
both benefits. That is they could lead to both a decline in productivity due to lower
health, and to a decline in opportunity cost of schooling, due, perhaps, to a decline
in the potential forgone wages. The net effect is ambiguous, in theory. Thus, the
effect of the health shock on education and income might not be associated.
Exploring Different Timing of Birth
Throughout the analysis above, I assume full exposure for individuals born in
1959 and no exposure for individuals born in 1960. However, since timing of
birth is a continuous variable, I might be misclassifying individuals according
to the degree of exposure.45 Data limitations preclude such analysis, given the
disparity in the frequency of the exposure (yearly) and individual-level birth dates
observations (daily). Although I am not able to correctly identify individuals’
exposure according to their exact timing of birth, the data allow me to test different
ranges of birth dates for categorizing early life exposure. For instance, in one
of the specifications I consider the (fully exposed) sample of those individuals
born before the last quarter of 1959, which assures no postnatal exposure in that
year. The results for this specification suggest stronger and statistically significant
treatment effect of early life exposure. Additionally, testing for different cohorts
(such as 1961, 1962, etc.) as the placebo treatment does not alter the main results
of no treatment effects.
One might also be skeptical about the choice of the year of 1959 to identify the
pre-eradication birth cohort, as it is possible that the effects of the campaign have
happened prior to that year. If that is the case, my results above would be captur-
ing a different source of negative shock, not malaria, on early life exposure. To
address this issue, I add older cohorts to the pre-eradication sample to ensure that
the effects observed for the 1959 birth cohort are indeed due to malaria exposure,
given that the malaria burden before 1959 was likely to be more pronounced. By
the same token, I add younger cohorts to the post-eradication sample to establish
lower levels of exposure at the other end. In particular, I consider as the exposed
cohort those individuals born between 1958 and 1959 (or between 1957 and 1959)
and the non-exposed cohort those individuals born between 1961 and 1962 (or be-
tween 1961 and 1963). This particularly narrow choice of years is due to the fact
45This is probably the case, since I still find some treatment effect on the IV estimation for the
1960 birth cohort sample.
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that broader birth year ranges would likely be contaminated by changes in the
economic environment.46
The OLS results for educational attainment and fertility choices considering
this broader birth cohort sample do not contradict the main qualitative implications
of the baseline specification. The treatment effects on income, however, seem to
be significant only for the bottom quartile of the income distribution. Moreover,
the IV results become imprecisely estimated and the magnitude of the coefficients
drops to values similar to the OLS estimates. Further analysis is needed to assess
the robustness of the findings to longer horizon estimates.
1.6.4 Discussion and Interpretation of the Findings
An important aspect of the identification strategy in the present paper is the precise
and clear definition of early life exposure, in terms of the relative frequency of
reported number of malaria cases. This specific representation of exposure allows
for an interpretation of the coefficients in terms of direct probability of treatment
or risk of being infected with malaria.47
Although my early life exposure variable carries a straightforward probability
meaning for the interpretation of the above results, notice that it only captures the
relative risk of malaria across month-state cells. In order to directly interpret the
coefficients of the above results, and to assess the magnitude of the effects, one
might need to adjust for the scale of the transmission in different periods. How-
ever, as discussed above, lack of detailed information on the period analyzed does
not allow for a direct assessment of such magnitude. Throughout the analysis,
I assume that relative malaria incidence across months and states are constant.
This assumption does not seem to be unrealistic, since within-year malaria vari-
ations are mostly determined by seasonal climatic conditions, which are fairly
predictable through time.
The overall results suggest that exposure to malaria during early life causes
long-term consequences for adult outcomes. In the baseline specification, OLS
results indicate a negative effect of in utero exposure to malaria on years of ed-
46For example, in 1964, Brazil underwent a series of political events that led to a military coup
d’état, which affected society in ways that would likely be correlated with the outcome variables
in the analysis.
47Most studies, in the absence of endemicity data, use proxies such as malaria indexes captur-
ing the geographic distribution of malaria risk (Bleakley, 2010b; Cutler et al., 2010). Estimated
coefficients in these settings poses a challenge to the interpretation of the obtained results.
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ucation and personal income on exposed cohorts (born in 1959). The point esti-
mate for the effect of in utero exposure on educational attainment is -20.77. What
does this number represent? The difference between the ninety-fifth and fifth per-
centiles of the in utero risk is 0.089. An increase in malaria risk of this magnitude
would induce an effect of 0.089 times the estimated coefficient. Therefore, an in-
crease in exposure, as measured by the risk of infection, from the fifth percentile
to the ninety-fifth percentile of risk distribution leads to, on average, 1.858 fewer
years of education. The effect might vary between -0.766 and -2.950, considering
the interval estimation of the coefficient(-32.986 and -8.563). Carrying out the
same computations for the income coefficient (-2.712), an increase of malaria risk
from the fifth percentile to the ninety-fifth percentile of the risk distribution would
generate a loss between 5.3 percent and 43.1 percent in hourly personal income.
The results also indicate the importance of timing of in utero exposure for long-
term outcomes for the individuals members of the exposed birth cohort. In partic-
ular, exposure during the first trimester of pregnancy affects education, income,
and fertility, according to the OLS estimates. How large are these effects? Again,
using the above procedure, OLS results indicate that a rise in risk of exposure
from the fifth percentile (0.003) to the ninety-fifth percentile (0.036) induces a
decrease in education of between 0.064 and 0.996 years, and a reduction in per-
sonal hourly income of between 1.4 percent and 16.5 percent. Among women, an
increase of 0.032 (fifth percentile to ninety-fifth percentile) first-semester risk of
exposure leads to an average increase in the number of children between 0.0149
and 0.149. Accounting for attenuation bias caused by measurement error in the ex-
posure measure, the instrumental variables estimation suggests similar treatment
effects of first trimester exposure on educational attainment: an increase in expo-
sure from the fifth percentile to the ninety-fifth percentile in risk of transmission
causes, on average, a reduction of between 0.399 and 2.736 years of education.
The strategy employed to estimate the long-run effects of early life exposure to
malaria can be related to the one employed by Barreca (2010) to assess the long-
run effects of malaria exposure in United States prior to the eradication efforts;
he also targets in utero exposure, and he explores climatic variations on malaria
transmission. His findings suggest that 10 additional malaria deaths per 1,000 in-
habitants cause a reduction of 0.4 in years of education and 13 percent in income
for the exposed individuals; these findings are fairly consistent with the range of
my estimates for the first-trimester effects. Despite some similarities between the
strategies, there are some important differences that suggest caution when com-
37
paring our results. First, he uses yearly malaria deaths as a measure of malaria
incidence, whereas I rely on monthly malaria reported cases to employ a narrower
definition of exposure. Therefore, my results complement his findings in sug-
gesting that exposure during the first trimester carries the most serious long-term
development risk.
The second approach compares outcomes of individuals born in pre- and post-
eradication years according to exposure degree. Although OLS estimates suggest
positive treatment effects on education and negative treatment effects on fertility,
instrumental variables estimations call into question the validity of these results.
Thus, the findings of this paper suggest no considerable improvements in socioe-
conomic conditions for those born after eradication compared to individuals born
before eradication. The pre- and post-eradication comparison shares some similar-
ities with the strategy employed by Bleakley (2010b), Cutler et al. (2010), Lucas
(2010, 2013), Burlando (2012), and Venkataramani (2012). All of them explore
the effects of malaria reduction caused by eradication campaigns. In my specifi-
cation, I add another layer to the exposure measure, month of birth, to account for
differences in pre-trends prior to the treatment. In general, these studies find sig-
nificant gains in (personal or household) income and mixed results for educational
attainment. After accounting for seasonal exposure, my estimates do not seem to
confirm previous findings, as I do not observe any significant treatment effect in
my sample.48
1.7 Conclusions
Differences in initial health stocks across individuals and locations are associated
with lifetime socioeconomic conditions. Causal interpretation of this connection
requires a carefully designed research identification strategy, since unobserved so-
cioeconomic differences across different groups of people might otherwhise over-
state the relative importance of early life health. From a theoretical perspective,
initial health might affect the path of health capital, which determine different di-
48However, this lack of treatment effects does not contradict the results previously found in the
literature. First, I consider the effects of exposure in the months prior to birth, whereas the other
studies consider exposure to malaria during infancy or adolescence. Second, as discussed above, I
explore timing of birth within treated and non-treated cohorts. whereas previous studies consider
a single dimension of exposure, which is being born prior to or after the eradication era. Finally,
I only compare two consecutive birth cohorts (in most specifications) in order to address the in
utero exposure effects, while previous studies construct a higher order cohort-based sample.
38
mensions of one’s capabilities, such as educational attainment, labor productivity,
and fertility. Establishing and quantifying this relationship might help policymak-
ers in the elaboration of developmental policies to improve living standards in
areas in which adverse health environment, such as the presence of infectious dis-
eases, exposure to pollution, or a lack of basic sanitation, might disproportionately
affect highly exposed pregnant women and individuals during their early life.
This paper explores two sources of variations in malaria risk in Brazil as prox-
ies for exogenous shocks on initial health, which affect otherwise similar individ-
uals in heterogeneous ways. The first source of variation relies on the month of
birth to identify degrees of exposure according to seasonal variations in malaria
transmission risk. Individuals who are potentially at greatest risk of experiencing
long-term effects are those whose gestation periods that encompassed a longer pe-
riod with climatic conditions favoring mosquito and vector proliferation; by con-
trast, individuals in the same locations but whose gestation period encompassed
a shorter period of such conditions face comparatively lower risks of long-term
effects. The second source of variation is based on the large and rapid overall
decline in malaria burden in Brazil after governmental eradication efforts.
The results found on this paper suggest that initial health plays an important role
in adult human capital accumulation and income. In practical terms, accounting
for other factors, such as demographic characteristics and state-level attributes, a
given individual born in either January or December in the state of Paraíba, in
the Northeast region (fifth percentile of the malaria risk distribution), would attain
roughly three more years of education, and earn an income that is 40 percent
higher than an individual born in April in the State of Goiás, Mid-West (ninety-
fifth percentile of the malaria risk distribution).
An additional feature of the findings is that first trimester of pregnancy seems
to be the most critical period; malaria infections that occur in this period have
the largest effects. One possible theoretical explanation for this result is that fetal
growth restrictions during the very beginning of life affect nervous system devel-
opment in a very strong and permanent manner. Therefore, policies devoted to im-
prove socioeconomic conditions in afflicted areas should target pregnant women,
specially those in early stages of gestation.
Finally, although the present paper consistently finds negative long-term effects
of early life exposure among the birth cohort born before Brazil’s malaria erad-
ication campaign, it does not find significant gains in outcomes among pre- and
post-eradication cohorts according to their degree of exposure. It seems that the
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differences in outcomes across consecutive cohorts (1959 and 1960) are not suffi-
cient to identify any substantial relative gains from treated individuals. Moreover,
estimation results for older cohorts do not seem to robustly confirm the results for
personal income.
Further research in this area might help shed light on the specific mechanisms
that lead to the results obtained by this paper. For example, one might estimate the
in utero effects of exposure to malaria transmission on general and specific health,
such as likelihood of developing different morbidities, in adulthood. Moreover,
since the effects of malaria on educational attainment are thought to be the result
of impaired cognitive development, one could potentially observe effects of ex-
posure on cognition test scores across school-aged children. Finally, testing the
specific relationship of this paper in different contexts, with different data sets and




Early-Life Exposure to Malaria and Adult
Mortality: Evidence from the Brazilian
Eradication Campaign
2.1 Introduction
This paper studies the long-term effects of early-life exposure to malaria on adult
mortality in Brazil. We use an exogenous source of variation in malaria trans-
mission rates fomented by a successful eradication campaign in the late 1950s to
identify heterogeneous degrees of improvements in the health environment. We
find consistent positive treatment effects of early-life exposure to malaria on adult
mortality and the evidence suggests that the effects might be given through the
effects of malaria exposure on educational attainment.
The connection between adult mortality and economic development is clearly
negative: life expectancy and adult survival rates are higher in richer countries.
Countries such as Japan, Iceland, Switzerland, South Korea, and Australia, are
at the top of the life expectancy distribution, whereas only one out of the 20
countries at the bottom of the distribution are not located in Sub-Saharan Africa
(Afghanistan).1 The causal mechanism leading to this strong correlation is likely
to be running in both directions: on the one hand, more developed societies are
able to afford good sanitation and medical care, which leads to longer lifetime
horizon. On the other hand, higher life expectancy might lead to higher incentives
to save and invest on both human capital and physical capital (Zhang et al., 2001;
Kalemli-Ozcan, 2002; Lorentzen et al., 2008; Cervellati and Sunde, 2011; Hansen
and Strulik, 2017).
A similar picture arises when relating malaria incidence and economic develop-
ment: most of the current endemic locations worldwide are restricted to tropical
and subtropical areas, which correspond to the parts of the world with the high-




again, could be in both directions: poverty might affect malaria through inefficient
or nonexistent preventive and control measures, or malaria might cause poverty,
through high infant mortality and long-lasting consequences on human capital ac-
cumulation (Barreca, 2010; Bleakley, 2010b; Lucas, 2010; Venkataramani, 2012).
Although the relationship between both malaria and adult mortality with eco-
nomic development are well studied in the literature, little is known about the con-
nection, and more specifically, the causal effect of exposure to malaria on adult
mortality. Figure 2.1 shows a raw cross-country correlation between reported
cases of malaria and adult mortality for a set of 107 developing countries between
2000 and 2017. At first sight, there seems to be a positive association between
both variables, however this correlation might be spurious, as a third factor could
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Figure 2.1: Cross-Country Correlation Between Adult Mortality and Malaria
Source: World Health Organization (WHO).
In general lines, malaria infections destroy red blood cells, depriving the dis-
tribution of nutrients to the body tissues. We focus our attention on exposure to
malaria early in life because the most important long-lasting health consequences
of malaria are associated with infections during the first periods of life, whereby
the body systems are still in the process of growth and development. More specif-
ically, children are relatively more susceptible to malaria than adults, who acquire
2For example, malaria incidence and adult mortality might be affected by the quality of health
institutions such as medical care systems.
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immunity after multiple infections. Second, malaria infections during childhood
and intrauterine life are associated with neurological sequelae, including demen-
tia, deficits in visual-spatial skills, loss of memory, and blindness (John et al.,
2008).3
Although the aforementioned mechanism connecting early life malaria infec-
tions to adult mortality seems intuitive and theoretically plausible, it is also pos-
sible that – conditional on survival – malaria exposure might have no significant
direct effects on adult health and mortality. A direct consequence of malaria infec-
tions is infant and child mortality. Adult mortality, however, is mostly determined
by noncommunicable diseases, related to longevity issues, such as cardiovascular
defects and aging (Hansen and Strulik, 2017).
This paper tries to assess the sign and magnitude of this effect by exploring the
heterogeneity in early life exposure to malaria according to the timing of birth
and location of different cohorts. Individuals born after the sharp decline in over-
all malaria rates following the eradication campaign and in high pre-campaign
endemicity areas experienced larger benefits from the campaign. We then test
whether this source of differential early-life exposure leads to improvements in
adult mortality rates. Our results suggest that improvements in malaria transmis-
sion rates in Brazil, triggered by the eradication campaign, has led to a reduc-
tion in adult mortality rates in Brazil: a one-standard deviation increase in our
constructed malaria intensity measure leads to a decline in adult mortality of 0.2
percentage points.
We additionally consider the effects of the reduction in malaria rates for differ-
ent education groups. Specifically, we construct a measure of adult mortality for
each education group in our sample and check whether there is any heterogeneous
effect of the exposure.4 Our results remain significant when including the effects
of educational attainment on adult mortality. We interpret this result as indicating
that the effect of early-life exposure to malaria must be driven both by the indirect
effects within education groups and the direct effects, through lower health status.
This paper contributes to the early childhood development literature in at least
two fronts. First and foremost, this paper is the first to test the effects of early-life
3Epidemiological studies show that neurological impairment is among the most prevalent
causes of adult mortality (Guehne et al., 2007; John et al., 2008; Sachs et al., 2011; Perna et al.,
2014).
4Education groups are categorized by individuals with: 1) less than primary degree; 2) com-
plete primary degree and incomplete secondary degree; 3) complete secondary degree and incom-
plete tertiary degree; and 4) complete tertiary degree or higher.
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exposure to malaria on adult mortality. Previous studies have focused on different
dimensions of economic development, such as income, education, fertility, and
socioeconomic status. Our paper additionally sheds light on the discussion about
the importance of the consequences of early-life exposure to malaria to educa-
tional attainment and its indirect effect on adult mortality.
Understanding the effects of early life exposure to malaria on adult mortality
is relevant for public policy to targeting vulnerable population groups. That is,
if early life exposure to malaria affects adult mortality, economic policies should
pay relatively close attention to pregnant women and children, by provisions of
bednets and insecticides, in order to raise the social benefits of the policies.
This paper is structured in 6 main sections, including this introduction. The next
section discusses the related literature, whereas section 3 details the background
information about the epidemiological and ecological characteristics of malaria
transmission and a brief description of the Brazilian experience with the disease.
Section 4 discusses the empirical strategies used to assess the causal effects of
early-life exposure to malaria on adult mortality, whereas section 5 presents the
results of the paper. Finally, section 6 concludes.
2.2 Related Literature
This paper relates to a broad literature on the connection between geography
and economic development. For instance, Sachs et al. (1995), Sachs and Warner
(1995), Bloom et al. (1998), and Sachs (2001) have studied how tropical climate,
landlocked geography, and commodity dependence have inhibited African devel-
opment.5 More closely connected to our paper, Gallup and Sachs (2001) and
Sachs and Malaney (2002) address the geographic distribution of malaria across
the world and suggest a potential causal mechanism in which malaria burden di-
rectly determines poverty.6 Our paper contributes to this literature by addressing
how factors that are related to the geographic distribution of malaria in a large and
economically relevant country (Brazil) affects one important dimension of eco-
5Nunn and Puga (2012) provides an account of how some African locations benefited from
their geographic attributes to escape the negative effects of slave trade during the European colo-
nial expansion.
6Some other studies have stressed the relevance of institutions to explain differences in eco-
nomic development, pointing out that geography might have had a distinct role in shaping insti-
tutional differences across societies, but no direct effect on current economic progress (Acemoglu
et al., 2001, 2002; Easterly and Levine, 2003; Rodrik et al., 2004).
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nomic development, namely adult mortality, exploring within-country variation
in malaria intensity.
Our paper also relates to the literature that focuses on the connection between
adult mortality and economic development. While Acemoglu and Johnson (2007)
find no effect of life expectancy on income per capita, other studies have consis-
tently documented a causal relationship from adult mortality to development. The
mechanisms explored in these studies range from investments in human capital
(Lorentzen et al., 2008; Cervellati and Sunde, 2011; Hansen and Strulik, 2017),
investments in physical capital (Lorentzen et al., 2008), investments in R&D (Bar
and Leukhina, 2010), and reduced fertility (Zhang et al., 2001; Lorentzen et al.,
2008). Our paper is connected to these studies in incorporating the importance
of human capital and adult mortality. Alternatively, however, our paper focuses
on how improvements in education, through the benefits of the Brazilian malaria
eradication campaign, might affect adult mortality, rather than the opposing causal
effect.7
Finally, our paper is closely related to the literature that studies the long-term ef-
fects of worldwide eradication campaigns of endemic diseases on several dimen-
sions of development, including human capital, income, socioeconomic status,
and fertility (Bleakley, 2007, 2010b; Cutler et al., 2010; Lucas, 2010; Venkatara-
mani, 2012; Burlando, 2012). Our paper relies on similar strategies to identify
exogenous changes in malaria intensity, however our paper distinguishes from
them by analyzing a different dimension of economic development and incorpo-




Malaria is a vector-borne disease caused by the Plasmodium parasite. Its transmis-
sion cycle involves the interplay between the parasite and two hosts: a vertebrate
animal and the female Anopheles mosquito. The disease transmission through
human contact occurs when an infected mosquito carrying the parasites in its sali-
7In this sense, our paper is more related to Lleras-Muney (2005), whereby changes in compul-
sory schooling laws have improved adult mortality in the United States.
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vary glands bites a healthy individual. The parasites first develop and spread inside
liver cells. The second stage of the parasite development inside the human host
is its spread and reproduction through the red blood cells. Once parasites transi-
tion to the blood stage, they assume a form named gametocytes. When ingested
through a blood meal from the female Anopheles in this stage, the parasites begin
their growth cycle inside the mosquito. After 10-18 days, the parasites in the form
of sporozoit migrate to the salivary glands, starting a new cycle of transmission.8
Malaria transmission and mosquito population distribution are largely deter-
mined by climatic factors. The female Anopheles lay their eggs in a variety of
stagnant and fresh water bodies. The aquatic phase of the mosquito development
lasts for approximately 9-12 days, and the occurrence of frequent rainfall creates
breeding sites for the survival and proliferation of the larvae into the adult phase.
Dry areas are not fit for the survival of the mosquito, as the absence of breeding
sites hinders larvae survival.
Temperature is another important climatic factor that determines the effec-
tiveness of the malaria transmission. Specifically, temperatures should be warm
enough to the survival of the parasites inside the mosquitoes. In warm tempera-
tures (30 C), it takes at least nine days for the parasites to take the sporozoit form
and migrate to the salivary glands of the mosquito. Lower temperatures delay par-
asitic development, which diminishes the likelihood of transmission, since adult
Anopheles do not have high longevity.9
The malaria transmission cycle involves two distinct incubation periods: the
first one is related to the development of the parasite inside the human host (“in-
trinsic incubation”), which is the time it takes between the infection and the ap-
pearance of the first symptoms. The second incubation period refers to the time
of parasitic development inside the mosquito (the second host) – the “extrinsic
incubation period”. Usually, the “intrinsic incubation” lasts between seven and 30
days, depending on the parasite species. For the P. vivax, the range is 12 to 17
days, whereas for the P.falciparum and the P. malariae, the ranges are from 9 to
14 and 18 to 40 days, respectively (Brasil et al., 2011). The “extrinsic incubation”









Malaria infections might result in a variety of symptoms, associated with different
degrees of severity. Uncomplicated malaria symptoms include a combination of
fever, chills, sweats, headaches, nausea and vomiting, body aches and discomfort.
Malaria might have severe consequences when results in complications from the
infection and involve cerebral malaria (impairment of continuousness, seizures,
coma, and neurological abnormalities), severe anemia, low blood pressure caused
by cardiovascular collapse, acute kidney injury, and hypoglycemia.11
In children, cerebral malaria might lead to neurological defects, including dif-
ficulties in performing movements, speech impairment, deafness, and blindness.
For instance, Kihara et al. (2006) have found deficits in attention, memory, visual-
spatial skills, language and execution functions after malaria infection in child-
hood. Moreover, anemia and underweight caused by malaria may delay children’s
development of central nervous system (Barofsky et al., 2015).
Another important long-term severe consequence from malaria is related to in
utero malaria infections, whereby infected pregnant women transmit the infection
to the fetus through the placenta. Malaria infection during in utero life might lead
to permanent health effects, given that the mother’s immune system devotes all
available resources to fight the disease, leaving the fetus unattended. Medical ev-
idence suggests that placental malaria infections are associated with fetal growth
restrictions, thereby impeding the individuals to fully develop to their potential
(Matteelli et al., 1997; Umbers et al., 2011).
2.3.3 Malaria in Brazil
Malaria is believed to be introduced in Brazil during colonial times, around 1560,
through ships transporting slaves from Africa. The transmission was restricted
to sporadic outbreak episodes, mostly due to precarious working conditions in
public infrastructure construction sites and lack of adequate measures to avoid
mosquitoes bites among workers. The spread of the disease throughout the coun-
try can be attributed to two main factors: the first is the boom of the rubber indus-
try in the northern part of the country created a massive migratory pattern from




the most suitable for the survival and proliferation of both the Plasmodium par-
asite and Anopheles mosquito. The second factor that contributed to the spread
of malaria in Brazil was the increase in the number of large public infrastruc-
ture projects, including the building of dams, railroads, roads, irrigation systems.
These projects often involved the creation of artificial breading sites for mosquito
development through the building of waterworks by the local workers, as well
as difficulty in compliance to the prophylaxis and treatment of potential disease
outbreaks in those locations (Griffing et al., 2015).
By the 1940s, malaria was widespread in Brazil, affecting approximately eight
to thirteen percent of the Brazilian population. Around that time, efforts to fight
the disease were decentralized and limited to the control of outbreaks in spe-
cific locations.12 With the discovery of the insecticidal properties of the DDT
(dichloro-diphenyl-trichloroethane) in 1939, by a Swiss chemist named Paul Muller,
a large-scale campaign to eradicate malaria became possible.13 DDT was first used
in a organized way in Brazil in 1945. Its effectiveness led to the spread of its use
throughout many sites in the North region. In 1956, it was created the Ministry
of Health, which centralized public health activities, including efforts to control
endemic diseases.
In 1957, Brazil adopted the World Health Organization’s Malaria Eradication
Program, which focused on house spraying with residual DDT, distribution of an-
timalarial drugs, and surveillance. The attack phase consisted in spraying houses
with DDT every six months, and ten percent of the population was tested for
malaria each year. Additionally, there were created approximately 5,000 surveil-
lance outposts to malaria treatment. As a result, malaria transmission rates have
largely been reduced in a relatively short period of time in all locations outside the
Amazon region. The Malaria Eradication Campaign in Brazil was suspended in
1970 due to the public outcry concerned with the environmental effects of DDT
spraying and the lack of success in reducing the number of cases in the Amazon.
However, the campaign was able to reduce overall malaria incidence to one per-
cent of the 1950’s scale (Griffing et al., 2015). Figure 2.2 shows the dimension of
12For instance, after the introduction of the Anopheles gambiae in the northeastern region, a
pandemic was declared in the state of Ceara, during the summer of 1938. Estimates suggest a
number of 40,000 cases and a death toll of 20,000 in the state, with the disease spreading to other
neighboring states. Efforts to tackle the incident were made by the Federal government, which
created an emergency anti-malarial service – the Northeast Malaria Sevice, with the financial
support from the Rockefeller Foundation.
13DDT was first used as an antimalarial tool in World War II and it proved effective protecting
Allied soldiers, after initially being used for controlling louse-borne typhus during the war.
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the reduction on the scale of malaria transmission in Brazil after the adoption of
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Figure 2.2: Average Malaria Cases per 1,000 Inhabitants (1947–2010)
Source: DATASUS – Ministry of Health and Griffing et al. (2015).
2.4 Empirical Strategy
To estimate the causal effect of early life exposure to malaria on adult mortality,
we rely on the relative differential intensity of exposure according to the geo-
graphic distribution of the disease prior to the eradication era. Given that malaria
risk was essentially reduced to approximately zero in all locations in Brazil (ex-
cept the North region), previously endemic areas experienced larger reductions
of malaria transmission. We use this variation, caused by a plausibly exoge-
nous change in the overall scale of transmission, to estimate whether reduction
in malaria causes any effects on adult mortality.14
We proceed by comparing mortality rates of individuals born prior and after the
eradication, according to the geographic distribution of exposure prior to the cam-
paign. The hypothesis to be tested is the group of individuals born in locations
14The sharp reduction in malaria transmission caused by the eradication campaign in Brazil can
be regarded as exogenous because its implementation was only possible due to the discovery of
the insecticidal properties of DDT, which is independent of adult mortality in Brazil. See Section
3.3 above.
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with higher incidence of malaria experienced larger gains in adult mortality com-
pared to individuals born in areas with low endemicity rates prior to the campaign.
An important limitation of the analysis is that we identify individuals accord-
ing to their location of residence instead of location of birth. The analysis, thus,
cannot capture changes in the composition of demographic characteristics due to
internal migration. Since migration is not random, the estimated coefficient might
suffer from composition bias in favor of our results.15 We partially address this
issue by controlling for the change in the composition of the groups in our regres-
sions according to their migration status.
2.4.1 Identifying Adult Mortality
A critical issue in identifying individual-level mortality rates is that we do not ob-
serve the same individual over time, rendering impossible to observe individual
death. We follow Lleras-Muney (2005) in identifying adult mortality by con-
structing synthetic cohorts using the 1991, 2000, and 2010 censuses in Brazil. By
aggregating individuals according to their micro-region of residence and year of
birth, we construct 9-year mortality rates for two groups. The first group is com-
posed of individuals who were born between 1949 and 1953, which comprises
individuals who were 38–41 years old during the 1991 census and 47–50 during
the 2000 census.16 We define the 9-year mortality rate for this group as the growth
in its size between 1991 and 2000. In other words, let N1991 and N2000 denote the
number of individuals who were born between 1949 and 1953 alive in 1991 and
2000, respectively. The 9-year mortality is given by (N1991   N2000)/N1991. We
construct analogous 9-year mortality for individuals aged between 38 and 41 years
who were born between 1959 and 1962 using the 2000 and 2010 censuses.
2.4.2 The Malaria Stability Index
To capture the relative pre-eradication intensity of malaria across micro-regions
in Brazil, we use an ecology-based index of malaria proposed by Kiszewski et al.
15One possible source of bias is that high-skill individuals in endemic areas might have chosen
to flee from malaria to locations with low endemicity rates.
16The choice of the mortality group is not arbitrary. Since we rely on census data to construct the
synthetic cohorts, we can only use census years to define the range of the mortality. Moreover, we
observe individuals who were born around the eradication era to identify early childhood exposure
to malaria. These constraints jointly determine the choice of the mortality groups of analysis.
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(2004). The index represents the strength and stability of malaria transmission
according to geographic, climatic, and biologic factors that determine the global
distribution of the stability of the disease. Specifically, the resulting time-invariant
Malaria Stability Index (henceforth MSI) is constructed in a 5  grid at the world
level and is a function of the distribution and characteristics of the dominant vector
in each region, including effectiveness of transmission, daily survival rates, and
bioclimatological conditions that affect the length of extrinsic incubation period.17
The MSI is, therefore, informative about the degree of relative exposure to
malaria according to the local bioclimatological characteristics that determine
the relative risk of malaria transmission in different locations. We build the pre-
eradication micro-region-level intensity of malaria by overlaying a Brazilian map
with administrative boundaries onto the raster 5  grid-level global malaria distri-
bution according to the MSI and compute the average index for each micro-region.
The resulting micro-region-level intensity distribution is displayed in figure 2.3.
2.4.3 Empirical Model
To construct a measure intensity of malaria prior to the eradication era, we start
by noting that malaria relative risk of transmission is primarily determined by
climatic and biologic factors that contribute to the survival rates of both parasite
and mosquito populations. We can, therefore, decompose the intensity of malaria
at time t and location i as
INTit ⇡ SCALEt ⇥ RELi, (2.1)
where INTit is the intensity of malaria transmission in micro-region i at time t,
SCALEt is the overall country-level scale of the transmission at time t – which
is assumed to be the same across locations – and RELi is the relative exposure
across micro-regions, which is assumed to be constant through time.
17The climatic component of the index include range of temperature in which survival of the
vector is maximized, measured as average local-level temperatures between 1901–1990. The con-






where m = month, i = identity of the dominant vector, a = proportion of biting people (0-1),
and p = daily survival rate, and E = Extrinsic incubation period in days.
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Figure 2.3: State-Level Distribution of Malaria Intensity Based on the Malaria
Stability Index (MSI)
Source: Elaborated by the authors based on Kiszewski et al. (2004).
The implicit assumption carried out in this paper is that the eradication efforts
affects SCALEt, whereby the relative risk across different geographical regions
– RELi – remains constant. In other words, if it was twice as likely to someone
being inflicted with malaria in a given location compared to a different region prior
to the eradication campaign, the ratio remains the same after the sharp reduction
in overall malaria transmission in the post-eradication era. This assumption is not
implausibly strong, given that the relative intensity of malaria transmission carries
a strong bioclimatological component, as expressed above. In fact, the MSI is a
strong predictor of current malaria intensity.18
We use the micro-region-level MSI, as detailed above, as a measure of rela-
tive intensity of malaria pre-eradication era and observe the sharp reduction in
the overall scale of malaria transmission to identify heterogeneous degrees of im-
provements in early-life environment on different regions. The idea of this ap-
18We assemble a data set with the number of reported cases of malaria at the micro-region
level and regress it against the MSI. The resulting estimated model displays a sizable correlation
between them, after controlling for state fixed effects and other correlates. More details in section
5.1.
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proach is that areas with relatively higher exposure to malaria, according to the
MSI, experienced larger improvements in malaria reduction after the overall de-
cline in malaria transmission rates. We then test whether these locations differ in
changes in adult mortality compared to regions with lower intensity of the disease.
We assume the following correspondence between adult mortality and malaria
intensity:
Mortalityi,t = ↵ +  INTi,t +X
0
  + "it, (2.2)
where "it = ⌫i+ t+✏it, in which ⌫i represents micro-region specific fixed effects,
 t is time-specific effects, and ✏it is the purely random error term. Mortalityi,t is
the adult mortality of the group of individuals belonging to micro-region i and
born at time t, in which t = {pre, post} indicates whether individuals belong to
the pre- or post-eradication birth cohort. The matrix X controls for the effects of
other important adult mortality determinants, which are assumed to be orthogonal
to INT. Substituting 2.1 into 2.2 and using the MSI as a measure of relative
exposure, we arrive at
Mortalityi,t = ↵ +  SCALEt ⇥ MSIi +X 0  + ⌫i +  t + ✏it, (2.3)
Evaluating 2.3 at t = pre and t = post and taking the difference Mortalityi,post 
Mortalityi,pre we obtain the equation that identifies the treatment effect of the
malaria eradication campaign on adult mortality
 Mortalityi,t = ✓ +  MSIi +X
0
  + !it, (2.4)
where ✓ =   t,  ⌘  (SCALEpost   SCALEpre), and !it =  ✏it. In this estima-
tion,  is the coefficient of interest, since it captures the change in the 9-year adult
mortality of the cohort aged 38–41, members of the pre- and post-periods, due to
the reduction in the malaria intensity across all regions in Brazil. Notice that the
micro-region fixed effects ⌫i vanish after taking the differences in equation 2.4.
Moreover, throughout the analysis, we consider the control variables in matrix X
to be fixed, after the eradication efforts have taken place. We can interpret them
as capturing the differential effects of the eradication campaign on socioeconomic
and health sector factors that might correlate with the change in adult mortality.
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2.5 Results
In this section, we document the results of this paper. We start by addressing
our assumption of constant relative intensity, and then reporting the results of our
main strategy, represented by equation 2.4, for the cohort born between 1949–
1953 and the cohort born between 1959–1962. The next regression result checks
for heterogeneous effects of early-life exposure to malaria according to degrees of
education.
2.5.1 Addressing the Plausibility of the Relative Malaria Intensity
Stability
How strong is the assumption about the stability of the relative malaria intensity?
Although we cannot fully address this issue, we are able to perform some corre-
lation analysis with available data to assess the plausibility of our argument. We
gather a data set with state-level malaria intensity, as measured by reported num-
ber of cases, for the period between 1959 and 2017, after the eradication campaign
era. If your stability assumption holds, we expect to see a strong correlation be-
tween the MSI, our measure of relative intensity, and malaria transmission rates
throughout all times in our data.
Table 2.1: Correlation Analysis Between the MSI and Malaria Intensity
Full Sample Between 1959 and 1988 Between 1989 and 2017
(1) (2) (3) (4) (5) (6)
Malaria Stability Index 4.303** 13.30*** 3.890* 14.62*** 4.693*** 11.88***
(1.678) (4.65e-13) (1.921) (4.36e-14) (1.598) (2.65e-13)
State Fixed Effects No Yes No Yes No Yes
Observations 1,510 1,510 747 747 763 763
R-squared 0.083 0.546 0.059 0.547 0.115 0.603
Notes. State-level Malaria Stability Index based on Kiszewski et al. (2004) and Malaria reported
number of cases per 1,000 inhabitants for the period 1959–2017. Standard errors clustered at the
state-level in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
Table 2.1 shows the correlation between the MSI and malaria intensity for the
considered period. Columns 1, 3, and 5 display the results for the full sample
(between 1959 and 2017), whereas columns 3 and 5 break down the sample into
two distinct periods: 1959–1988 and 1989–2017. The results indicate the intrinsic
connection between the reported number of cases of malaria and the MSI through-
out the period, although less precisely estimated for the first period (only signifi-
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cant at the 10 percent level). Moreover, the magnitude of the coefficients remain
fairly stable through time. In columns 2, 4, and 6, we include state fixed effects
to account for potential state-specific factors that might correlate with the malaria
intensity, such as quality of the health institutions.19 The results become larger in
magnitude and more precisely estimated, as all coefficients are significant at the 1
percent level.
These results indicate the plausibility of our assumption, since the MSI (cap-
turing the relative intensity of malaria transmission) has important explanatory
power over the large time period considered. However, it is worth mentioning the
sign of the bias that would be introduced if our assumption fails to hold. First, no-
tice that although we cannot measure micro-region level intensity of malaria prior
to 1959, we can infer that, if anything, it is more likely that the relative intensity
differences were more pronounced prior to the eradication era. Institutional devel-
opment and technology progress leading to improvement in methods to control the
disease would benefit highly endemic areas more than areas with low endemicity
rates. If this alternative hypothesis holds, our estimates would be biased against
our estimates, since we would be overestimating post-eradication relative inten-
sity. Therefore, the assumption above does not impose a binding constraint to our
analysis, since its violation would introduce a bias towards zero.20
2.5.2 Main Results
Before exposing the main results below, table 2.2 displays some summary statis-
tics of the variables used in this analysis.21 Adult mortality – as measured by the
9-year mortality rate for the group of individuals between 38 and 41 years of age
– experienced a decline of around 45.65 percent during the considered period.
The malaria intensity measure – the MSI – is constant across time, by construc-
tion, with average of 2.65 and standard deviation of 1.97. Moreover, table 2.2
also describes some statistics about other determinants of adult mortality at the
19Notice that our incidence measure is given by the reported number of cases at the state-level.
Therefore, the state fixed effects capture any time invariant state-specific factors that might affect
the number of reported cases.
20Although we cannot fully rule out this hypothesis, we find it implausible to hold, since it
would imply the largest reduction of malaria intensity in the Amazon region, where the malaria
vector and parasites find the most favorable environment for proliferation. However, control mea-
sures were not successful in that region.
21See Appendix A for detailed discussion on data sources, definitions, and construction.
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micro-region level. We observe improvements in all of the variables.22
Table 2.2: Summary Statistics
Pre-Eradication Cohort Post-Eradication Cohort
Mean S.D. Mean S.D.
Outcome variable
9-year Mortality Rate (38-41 years) 48.40 101.84 33.23 67.37
Independent variable
Malaria Index 2.65 1.97 2.65 1.97
Health sector controls
Homicides per 1,000 inhabitants 91-00 12.93 11.52 17.51 11.96
Number of resident physicians per 1,000 inhabitants 2.86 2.84 2.46 2.61
Socioeconomic controls
Proportion of population in urban areas 0.69 0.18 0.73 0.16
Infant mortality 498.49 396.03 342.80 284.84
Proportion of population who migrated 0.49 0.20 0.44 0.18
GDP per capita 4.72 3.32 6.43 4.42
Observations 494 494
Notes. The sample includes individuals of 38–41 years of age, born either between 1949–1953 or
between 1959–1962. Individuals resident of the North region were excluded from the sample.
Table 2.3 displays the main results of the paper. The treatment effect if given by
malaria intensity, which is constructed as established in the previous section. The
first column represents the results of the regression with no controls, whereas the
second column introduces state fixed effects. Columns 3 and 4 control for other
health sector variables that are correlated with adult mortality, whereas columns
5–8 include socioeconomic controls. Specifically, number of homicides per capita
is introduced in column 3 and number of doctors per capita in column 4. Column
5 controls for the proportion of the individuals in each micro-region that live in
urban areas, column 6 adds infant mortality per capita, whereas columns 7 and
8 additionally control for the change in the proportion of movers living in the
micro-region during the considered time and GDP per capita, respectively.
The results show a significant and negative treatment effect of early-life ex-
22A somewhat striking factor is the large share of migrants in our sample, which might indi-
cate a potential estimation issue in our analysis (see more discussion on migration in Section 4).
Although this issue constitutes a potential problem, these numbers are likely to be overestimating
the migration in our analysis, since it refers to whether individuals live in the same municipality as
they were born and not micro-region. Migration within micro-region boundaries does not affect
our analysis.
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Table 2.3: OLS Cohort Analysis
Dependent variable: Change in Adult mortality
Treatment effect
Malaria Intensity -3.348 -9.907** -10.12*** -9.783** -9.853** -9.727** -10.69*** -9.821**
(2.095) (3.922) (3.895) (3.931) (3.932) (3.949) (3.983) (3.805)
Health sector controls
Homicides per capita X X X X X X
Number of doctors per capita X X X X X
Socioeconomic controls
Urban X X X X
Infant mortality X X X
Migrant X X
GDP per capita X
State Fixed Effects X X X X X X X
Observations 486 486 486 486 486 486 486 486
R-squared 0.005 0.127 0.131 0.133 0.151 0.151 0.164 0.168
Notes. The sample includes individuals of 38–41 years of age, born either between 1949–1953 or
between 1959–1962. Individuals resident of the North region were excluded from the sample.
Robust standard errors are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
posure to malaria on adult mortality, with the exception of the first column re-
sults. However, the remaining specifications indicate a strong negative treatment
effect of exposure to malaria on adult mortality, after controlling for state fixed
effects, as well as health sector and socioeconomic controls.23 Notice how the
magnitude of the coefficient remains fairly stable after consecutive introduction
of controls. The nature of the intensity of exposure variable, however, precludes a
direct interpretation of the coefficient in order to understand the magnitude of the
effect.24 We rescale the malaria intensity and interpret the estimated coefficient as
the change in adult mortality due to an increase in malaria intensity from the fifth
to the ninety-fifth percentile of the malaria distribution.
Figure 2.4 displays the two micro-regions that represent the distance between
the fifth and ninety-fifth percentile in the malaria intensity distribution: Ponta
Grossa, in the State of Paraná, and Presidente Dutra, in the state of Maranhão.
The former is located in the South, the most developed region in Brazil, whereas
the later belongs to the Northeast, the poorest region of the country.25
23The estimates in the first column are not precisely estimated since they might be picking up
some of the between-states variation, such as institutional differences and geographic differences.
In controlling for state fixed effects, we are essentially comparing micro-regions within states,
which controls for these time-invariant factors.
24Notice that the main independent variable is the MSI, which has no direct interpretation in
terms of impact on our results.
25The GDP per capita of the most populous municipality in the micro-region of Ponta Grossa is
approximately 3.45 times higher than the GDP per capita of the most populous municipality in the
micro-region of Presidente Dutra. The Human Development Index of Ponta Grossa is 0.763 (320th
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Figure 2.4: Micro-regions Whose Malaria Stability Index (MSI) Correspond to
the Fifth and Ninety-fifth Percentile of the Malaria Intensity Distribution.
Source: Elaborated by the authors.
In this sense, after rescaling the coefficient, we find that a change in the early-
life exposure to malaria from the fifth to the ninety-fifth percentile of the intensity
distribution leads to a decline of around 0.6 percentage points in 9-year death rate
for adults between 38–41 on the most demanding specification (column 8 in table
2.3). The magnitude of the effect is quite plausible and significant, thereby in-
dicating a sizable effect of early life health environment on adult mortality. As a
means of comparison, Lleras-Muney (2005), using exogenous changes in compul-
sory schooling laws in the United States as a natural experiment, finds a negative
effect of schooling on adult mortality between 1.3 and 3.6 percentage points.
2.5.3 Results by Education Groups
Malaria infections during childhood might lead to lower schooling (Lucas, 2010;
Venkataramani, 2012; Chang et al., 2014). Education is, then, a possible channel
through which the potential effects of exposure to malaria on adult mortality might
be operating.26 We next proceed in estimating 2.4 as before, with the inclusion of
in the ranking of municipality human development), while Presidente Dutra’s is 0.653 (3055th)
(Brasil, 2016).
26See Lleras-Muney (2005) for an example of how education affects adult mortality in the
United States.
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education variables to capture the joint effect of malaria intensity and educational
attainment on adult mortality. Specifically, we construct four variables that cap-
ture the change in the proportion of the micro-region’s population according to
their education level, as expressed above. The idea is to test whether the effects
of malaria intensity on the population shares with specific educational attainment
might effectively explain the variation on adult mortality.
Table 2.4: OLS Cohort Analysis (Groups of Education)
Dependent variable: Change in Adult mortality
Treatment effect
Malaria Intensity -41.87*** -31.08*** -29.07*** -27.99***
(7.064) (10.56) (10.59) (10.36)
Treatment Interacted with Education groups
Malaria Intensity ⇥ Less than primary 16.14 44.81** 49.59** 59.88***
(16.16) (19.28) (19.31) (20.26)
Malaria Intensity ⇥ Primary graduates 1.769 3.841 4.996 10.30
(4.962) (5.768) (5.887) (6.667)
Malaria Intensity ⇥ Secondary graduates 1.063 0.737 0.818 1.491
(1.372) (1.452) (1.440) (1.386)
Malaria Intensity ⇥ Tertiary graduates -159.1*** -169.5*** -170.5*** -168.3***
(21.61) (23.24) (23.45) (24.21)
Health sector controls
Homicides per capita X X





GDP per capita X
State Fixed Effects X X X
Observations 486 486 486 486
R-squared 0.339 0.424 0.434 0.450
Notes. The sample includes individuals of 38–41 years of age, born either between 1949–1953 or
between 1959–1962. Individuals resident of the North region were excluded from the sample.
Robust standard errors are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
Table 2.4 displays the results, as constructed in our main specification, includ-
ing the interaction between the treatment and the change in the proportion of in-
dividuals in each of the education groups. The first column shows the results with
no added controls, whereas column 2 includes state fixed effects. Columns 3 and
4 add health sector and socioeconomic controls, respectively.
59
The results show that, after controlling for the potential role of malaria intensity
on educational attainment, the treatment effect of early-life exposure to malaria
on adult mortality remains statistically significant and sizable. Specifically, the
interaction terms capture the joint effect of the change in the composition of each
education group and malaria intensity. The results indicate that, after controlling
for a potential important indirect mechanism that might lead to the observed ef-
fects, the direct long-term consequences of early-life exposure to malaria on adult
mortality are still significant. Moreover, notice that the estimated coefficients are
more precisely estimated than in the previous results (table 2.3), which indicates
a potential omitted variable bias when we do not take into account the heteroge-
neous indirect effects of exposure to malaria on educational attainment.
These results indicate that a possible factor that might partially explain the
effects of malaria exposure on adult mortality is given by the indirect effects
on educational attainment. We observe that increases in the proportion of low-
educated individuals in highly malarious areas lead to an increase in adult mortal-
ity, whereas an increase in the proportion of tertiary graduates in highly malarious
areas lead to a reduction in adult mortality. We find no statistically significant ef-
fect for the middle two education groups (primary graduates and secondary grad-
uates). Notice how the negative treatment effects of early-life exposure to malaria
on the share of tertiary education are larger. These findings can be explained by
the fact that the returns to tertiary education in Brazil are larger than the returns
to other groups of education in endemic areas, particularly. Therefore, individuals
who invest in acquiring tertiary degree (or higher) might be able to better insure
against the risk of infections and to compensate the negative effects of it.
Taken together, the education estimates suggest that the eradication campaign
has led to two important factors that might have positively impacted adult survival
rates. First, reductions in exposure due to the campaign have led to better general
health of individuals, lowering long-term neurological sequalae associated with
early-life malaria infections. Second, the decline in the overall exposure to malaria
has positively affected cognitive development, improving individuals’ educational
attainment, leading to lower adult mortality. We can further speculate that the the
most important drivers of the improvements in educational attainment were due
to lower share of low-educated people a larger fraction of individuals with tertiary
education in highly endemic areas (with the latter being relatively more important,
given the magnitude of the estimated coefficients).
The effects of early-life exposure to malaria are given by lower cognitive devel-
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opment and neurological sequalae. In this section, we essentially tested whether
these conditions might directly lead to higher adult mortality. The results of the
previous section indicate that there is an effect of early-life exposure to malaria
on adult mortality. Therefore, the effects observed in this section point out to a
direct physical burden imposed by exposure to the disease, since the results are
be different from zero when controlling for education groups. Additionally, we
observe a potential indirect effect, through human capital accumulation, as the
effects within both lower-educated and higher-educated groups seem to be impor-
tant for explaining adult mortality.
2.5.4 Robustness
In this section we perform some robustness checks related to our analysis. The
first exercise is to restrict our sample to individuals born during the years in which
we have exact data. We then proceed to testing for heterogeneous effects ac-
cording to gender. Next, we discuss potential confounder effects related to our
estimation strategy.
Restricted Sample
In our main specification above, we classified individuals belonging to the pre-
eradication cohort as those who were born between 1949 and 1953. However,
for the years before 1959, we only observe two data points: 1947 and 1953. We
proceed with our analysis, then, assuming that malaria intensity is constant within
this period. This assumption, if anything, works against our estimation, since we
would be underestimating malaria intensity in case it followed the trend depicted
in figure 2.2.
We now restrict our pre-eradication sample to the individuals born during 1953,
which is the year in which we have information prior to the enactment of the cam-
paign, in 1957, to account for the (implausible) situation of having overestimated
malaria prior to 1953. To be consistent with the construction of the 9-year mortal-
ity, we identify individuals born in 1962 as the post-eradication birth cohort.
The results of the restricted specification are displayed in table 2.5. As one can
observe, the effects are stronger and more precisely estimated when compared to
our baseline estimation. The results are robust to the inclusion of all health sector
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Table 2.5: OLS Cohort Analysis (Restricted Sample)
Dependent variable: Change in Adult mortality
Treatment effect
Malaria Intensity -6.398* -20.11*** -20.39*** -20.01*** -20.09*** -19.91*** -21.13*** -19.89***
(3.606) (6.739) (6.758) (6.819) (6.925) (7.033) (7.254) (7.288)
Health sector controls
Homicides per capita X X X X X X
Number of doctors per capita X X X X X
Socioeconomic controls
Urban X X X X
Infant mortality X X X
Migrant X X
GDP per capita X
State Fixed Effects X X X X X X X
Observations 486 486 486 486 486 486 486 486
R-squared 0.007 0.093 0.096 0.096 0.104 0.105 0.132 0.135
Notes. The sample includes individuals of 38 years of age, born either in 1953 or 1962.
Individuals resident of the North region were excluded from the sample. Robust standard errors
are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
and socioeconomic controls, as well as state fixed effects. The magnitude of the
effect can be interpreted as a change from the fifth to the ninety-fifth percentile of
the intensity distribution as before, which suggests a reduction of 1.22 percentage
points in adult mortality. We conclude, therefore, that the assumptions made in
previous choice of the pre-eradication birth cohort does not affect the validity of
our results.
Extended Sample
By the same token, we additionally test our model for an extended sample, to ac-
count for a larger cohort. We address the worry that our estimates might be pick-
ing up effects that are specific for the cohort range we have analyzed. We identify
the pre-eradication cohort as the group of individuals that were born between 1949
and 1957 (the year of the enactment of the national malaria eradication campaign).
By construction, the post-eradication cohort is composed of individuals born be-
tween 1959 and 1966. Therefore, our analysis in this section corresponds to the
effects of longer exposure to malaria during childhood.27
Table 2.6 displays the results when considering the same different specifica-
tions as above for the extended sample. The evidence shows again that the results
are not sensitive to the choice of the specific cohort groups. All specifications –
27That is, individuals who were born in 1949 in malarious areas have spent approximately 8
years exposed to malaria prior to the start of the eradication campaign.
62
Table 2.6: OLS Cohort Analysis (Extended Sample)
Dependent variable: Change in Adult mortality
Treatment effect
Malaria Intensity -4.804*** -12.01*** -12.13*** -11.73*** -11.79*** -11.62*** -12.55*** -12.14***
(1.749) (3.400) (3.378) (3.435) (3.465) (3.477) (3.548) (3.236)
Health sector controls
Homicides per capita X X X X X X
Number of doctors per capita X X X X X
Socioeconomic controls
Urban X X X X
Infant mortality X X X
Migrant X X
GDP per capita X
State Fixed Effects X X X X X X X
Observations 486 486 486 486 486 486 486 486
R-squared 0.012 0.123 0.125 0.128 0.149 0.151 0.170 0.171
Notes. The sample includes individuals of 34–41 years of age, born either between 1949–1957 or
between 1959–1966. Individuals resident of the North region were excluded from the sample.
Robust standard errors are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
including health sector and socioeconomic controls and state fixed effects – are
statistically significant and show a negative sizable effect of early-life exposure to
malaria on adult mortality.
Results by Gender
Some studies in the early childhood development literature document heteroge-
neous effects of early-life health endowments on adult outcomes (Almond and
Mazumder, 2011; Banerjee et al., 2010; Cutler et al., 2010; Bhalotra and Venkatara-
mani, 2015; Venkataramani, 2012). The medical literature suggests that one pos-
sible source of potential heterogeneity according to gender is that male fetuses are
more vulnerable than females, thereby being disproportionately affected by the
infections (Kraemer, 2000; Low, 2015; Waldron, 1983).
To test for this potential heterogeneity, we construct two different samples and
estimate the effects of early-life malaria exposure on adult mortality on men and
women separately. As observed in Table 2.7, the results for each gender are incon-
clusive, as most specifications are not statistically different from zero. However,
we cannot rule out (at the 10% significance level) that the effects are significantly
sizable on women when considering the full model (last column). Taken at face
value, the results suggest that a change from the fifth to the ninety-fifth percentile
of the malaria intensity distribution induces a reduction of approximately 0.56
percentage points in female adult mortality.
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Table 2.7: OLS Analysis by Gender
Dependent variable: Change in Adult mortality
Panel A. Men Sample
Treatment effect
Malaria Intensity 8.384*** -3.891 -3.820 -5.128 -5.033 -5.155 -5.658 -5.827
(2.915) (5.069) (5.082) (4.959) (4.612) (4.634) (4.710) (4.795)
Health sector controls
Homicides per capita X X X X X X
Number of doctors per capita X X X X X
Socioeconomic controls
Urban X X X X
Infant mortality X X X
Migrant X X
GDP per capita X
State Fixed Effects X X X X X X X
Observations 486 486 486 486 486 486 486 486
R-squared 0.022 0.178 0.179 0.195 0.220 0.220 0.223 0.223
Panel B. Women Sample
Treatment effect
Malaria Intensity 1.917 -7.685 -7.740 -7.307 -7.420 -7.429 -8.804 -9.071*
(2.660) (5.127) (5.107) (5.171) (5.286) (5.292) (5.384) (5.099)
Health sector controls
Homicides per capita X X X X X X
Number of doctors per capita X X X X X
Socioeconomic controls
Urban X X X X
Infant mortality X X X
Migrant X X
GDP per capita X
State Fixed Effects X X X X X X X
Observations 486 486 486 486 486 486 486 486
R-squared 0.001 0.118 0.118 0.120 0.152 0.152 0.170 0.171
Notes. The sample includes individuals of 38–41 years of age, born either between 1949–1953 or
between 1959–1962. Individuals resident of the North region were excluded from the sample.
Robust standard errors are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
Connecting this evidence with the results obtained in the education analysis,
we can infer that the effects of lower educational attainment are more powerful on
women. The results can be jointly explained by the fact that, given that returns to
education are generally lower for females, the indirect effect of early life exposure
to malaria through education is more pronounced on female adult mortality.
Other vector-borne diseases
A possible confounding factor that might inflate our estimates of the long-term
effects of early-life exposure to malaria is the role played by the eradication cam-
paign in reducing the transmission of other vector-borne diseases such as yellow
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fever and dengue. Both diseases are transmitted by the same vector, the Aedes
aegypti, which was eradicated in Brazil by 1955.
Although the individuals in our sample might have been exposed to yellow
fever and dengue during childhood, it is not likely that this effect is substantial
enough to contaminate our estimates. The national efforts in an eradication cam-
paign of the Aedes aegypti had started more than ten years before the malaria
eradication campaign, in 1942 (Catão, 2011).28. Moreover, during the time of its
highest incidence rates, dengue was not an important public health problem. In
fact, endemicity rates were lower in Brazil than in other countries of the American
continent (Catão, 2011).
Additionally, Bleakley (2010b) reports a small number of cases of yellow fever
(22 cases) and leishmaniasis (167 cases) in Colombia during 1962. The number
of malaria cases for the same year was 21,245. We can expect a similar picture for
the number of cases of these diseases in Brazil, given similar disease ecologies.
Mortality Selection
Another possible factor that might introduce bias to our results is adult mortality.
If only the fittest and strongest individuals survive early-life infections, then the
resulting sample would be selecting a subgroup from the population in a nonran-
dom fashion. This selection problem would then tend to exacerbate the estimated
effects of our analysis.
We start this discussion by noting that the most prevalent malaria vector in
Brazil is the Plasmodium vivax, which is rarely lethal (Douglas et al., 2014). The
most serious health consequences of malaria infections are provided by the Plas-
modium falciparum, which is restricted to the North region.29 Although we cannot
completely rule out this possibility, we address the issue in a formal analysis by es-
timating the correlation between our measure of malaria intensity – the MSI – and
infant mortality. If there is an effect of malaria intensity on early-life mortality,
we should expect a considerable correlation between them. The results, however,
do not indicate any relationship, once state fixed effects are introduced.30
28However, the vector was reintroduced in the Brazilian territories in the following decades for
consecutive times (Catão, 2011).
29This fact does not impose an issue to our analysis, since we drop the North region from our
sample.
30Results are available upon request.
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Climatic Confounders
Since malaria transmission is intrinsically correlated with climatic and geographic
factors, it is possible that our measure of malaria intensity is correlated with other
mechanisms that might directly affect adult mortality irrespective of malaria in-
cidence. A possible channel arises from the negative effects of extreme whether
conditions on adult mortality, which might be correlated to the ideal temperatures
of malaria proliferation (Barreca, 2010).31
Moreover, ideal temperatures of malaria transmission might be correlated with
temperatures that favor agricultural productivity, which might lead to improved
nutrition and agricultural income (Barreca, 2010). Sugarcane and corn constitute
the main agricultural crops in Brazil, accounting for around 24.5 percent of the
total agricultural production between 1965 and 2010.32 Sugarcane ideal tempera-
tures range from 22 C to 30 C, with growing season between January and March,
whereas ideal temperatures for corn yields are from 25 C to 30 C and can be
grown between the months of August and May.33
To address the concern about the climatic confounding mechanisms raised above,
we assemble a data set on monthly-level average temperatures at the micro-region
level and include two additional sets of climatic controls.34 In particular, we ex-
tend the previous model by incorporating a micro-region-level control variable
that captures the proportion of the year in which monthly average temperatures are
above 28 C to capture the adverse health effects from extreme weather.35 Next,
we introduce temperature ideal controls for both sugarcane and corn yields as the
proportion of the sugarcane“growing season” in which monthly level average tem-
peratures are between 22 C and 30 C, and 25 C and 30 C during corn growing
season.
The extended results, when controlling for climatic confounders, are shown in
table 2.8. The first four columns are the results discussed in the main specifica-
31Deschenes and Moretti (2009) find that both extreme cold and extreme hot temperatures have
lowered life expectancy in the United States, for example.
32Data from Ministry of Agriculture and IBGE.
33See http://www.agencia.cnptia.embrapa.br/ (in portuguese) for information
on ideal temperatures for the crop yields and USDA Agricultural Weather Assessment (https:
//www.usda.gov/oce/weather/pubs/Other/MWCACP/samerica.htm for infor-
mation on their corresponding growing seasons. Accessed on 03/30/2019.
34See Appendix A for further information on data sources and construction.
35In theory, extremely cold weather also negatively affects individuals’ health. However, such
circumstances are not observed in Brazil. See Deschenes and Moretti (2009) and Barreca (2012)
for discussions on the effects of extreme weather shocks in the United States.
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Table 2.8: OLS Cohort Analysis with Included Controls
Dependent variable: Change in Adult mortality
Treatment effect
Malaria Intensity -3.348 -9.907** -9.783** -9.821** -9.594** -7.903* -7.903*
(2.095) (3.922) (3.931) (3.805) (3.804) (4.292) (4.292)
Health sector controls X X X X X
Socioeconomic controls X X X X
Include Extreme temperature X X
Include Agriculture ideal temperature X X
State Fixed Effects X X X X X X
Observations 486 486 486 486 486 486 486
R-squared 0.005 0.127 0.133 0.168 0.170 0.174 0.174
Notes. The sample includes individuals of 38–41 years of age, born either between 1949–1953 or
between 1959–1962. Individuals resident of the North region were excluded from the sample.
Robust standard errors are clustered at the micro-region-level. *** p<0.01, ** p<0.05, * p<0.1
tion section, without controlling for the climatic factors. Columns 5 through 7
include the additional climatic variables as explained above, thereby controlling
for potential climatic conditions that might correlate with the ecology of malaria
transmission. Specifically, column 5 controls for the effects of extreme weather on
adult mortality, whereas column 6 includes agricultural yields ideal temperatures.
Finally, column 7 includes both sets of climatic controls.
In general, the inclusion of climatic controls does not alter the main qualitative
conclusions of the paper, although after the inclusion of agricultural yields con-
trols, the estimates become somewhat less precisely estimated and with a slightly
smaller magnitude.36
2.6 Conclusions
The most critical and well known direct long-lasting effects of malaria are through
infant mortality. Two-thirds of malaria death rates are children under the age of
5. This corresponds to approximately 290 thousand child deaths, out of 440 thou-
sand, for the year of 2016.37 The effects are even more dramatic when accounting





for the scarring consequences on those children who survive, such as lower gen-
eral health and cognitive development.
The literature on the long-term effects of early childhood exposure to malaria
has found consistent effects on adult socioeconomic conditions, including edu-
cational attainment, socioeconomic status, household consumption, income, and
fertility. However, little is known whether this long-lasting consequences might
lead to lower adult survival rates. This paper addresses this issue by making use
of the malaria eradication campaign in Brazil as a natural experiment to identify
exogenous sources of variation in the decline in malaria rates according to pre-
campaign endemicity rates in different regions.
The results indicate a sizable effect of early-life exposure to malaria on the 10-
year mortality rate for the group of individuals with ages between 38-41 years.
The baseline estimates suggest that the effect is a reduction of approximately 0.6
percentage points for the cohorts born after the campaign in pre-campaign en-
demic areas, compared to those born in less endemic ones.
We also estimate the effects of early-life exposure to malaria controlling for the
effects of educational attainment on adult mortality. The results indicate that the
effects of childhood exposure to malaria are significantly different from zero and
sizable, even after including education controls. We interpret these findings as
suggesting a possible direct mechanism from childhood exposure to lower adult
survival, since the indirect effects through lower educational attainment do not
dominate the estimates.
Our results provide a possible magnifying effect related to the long-term con-
sequences of childhood exposure to malaria for human capital accumulation. We
find that the cohort who has been more exposed to the benefits of the eradication
efforts have experienced larger reduction in mortality rates, which are likely to be
driven both by the indirect effects of the eradication on improving educational at-
tainment and the direct effects, through lower adult health. Our results, thus, point
out to the importance of health policy measures that target children and pregnant
women, since the long-term benefits involve higher life expectancy.
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Chapter 3
The Role of Local Institutions and Policies on
Fertility During Pre-Modern Times
3.1 Introduction
This paper addresses the role of institutions and economic policies on the deter-
mination of fertility rates and population size during late pre-modern and early
modern times.1 The hypothesis proposed by this paper is that societies have a
significant influence on the optimal size of families in a given economic environ-
ment.2 During pre-modern times, prior to the great escape, population growth
and its causes and implications for living standards was a constant theme on the
economic debate. In the words of Adam Smith, “(t)he most decisive mark of the
prosperity of any country is the increase in the number of its inhabitants” (Smith,
1937, p.65). According to this view, it is the “industry” and skill of population
that bring the wealth of nations; the more “hands”, the more wealth. Ferguson
(1769, p.209) additionally points out that “the state of a nation’s wealth is not
to be estimated from the state of its coffers (...) but from the numbers, frugality,
industry and skill of its people.”
Population growth was also important factor in the political scenario, as Malthu-
sian predictions and population pressure were likely to impose a binding con-
straint on the creation and implementation of economic policies and institutional
development. Bannet (1997), for example, points out to the importance of the
population issue in the political sphere by outlining the agreement between gov-
ernment and opposition, in late 1700s Britain, on the relevance of population for
the “propagation of species” and “the good of society ” in the making of the 1753
1The term “modern” is used throughout the paper in reference to the onset of the modern
industrial production and not the historical “modern times”, which starts in the early sixteenth
century.
2Contemporary examples of such societal choice of fertility rates include modern China’s one
child policy, in which families preferences over the size of the family were limited in determin-
ing fertility rates. Iran has also been able to control its population growth through contraceptive
methods, including permanent sterilization and changes in legal minimum age for marriage.
69
Marriage act, which imposed stronger restrictions on marriage in England.
As another illustration, the Poor Laws in Britain – which provided relief to poor
large families – generated a heated political debate about its influence on increas-
ing fertility rates among recipients of the reliefs. Reverend Thomas Malthus and
David Ricardo were among the critics of the Poor Laws, on the grounds of under-
mining the “preventive checks”. Malthus, in his famous Essay on the Principles
of Population writes: “I feel no doubt whatever that the parish laws of England
have contributed to raise the price of provisions and to lower the real price of
labour. They have therefore contributed to impoverish that class of people whose
only possession is their labour” (Malthus, 1888, p.27). In a letter to Hutches
Trower, a shareholder in the Bank of England, David Ricardo condemns the Poor
Laws based on the argument that free markets would work in limiting population
growth: “The population can only be repressed by diminishing the encourage-
ment to its excessive increase,-by leaving contracts between the poor and their
employers perfectly free, which would limit the quantity of labour in the market to
the effective demand for it”. (Ricardo, 1899).
Previous literature on the determinants of fertility changes have incorporated
the role played by several economic and cultural aspects. For instance, in a sem-
inal paper, Gary Becker theoretically establishes that the elasticity of the income
elasticity with respect to child quality is greater than that with respect to child
quantity (Becker, 1960). The implication of the theory is that as households’ in-
come increases, parents invest more in child’s quality than quantity. Empirical
tests, often relying on twins studies and households’ sex ratio composition, do not
agree on the magnitude of the effect of family size on observed preferences over
the quality of their children (Rosenzweig and Wolpin, 1980; Black et al., 2005;
Angrist et al., 2005; Li et al., 2008).
Studies addressing contemporary fertility policies and institutions usually in-
corporate changes in legislations and policies – including abortion laws and con-
traception policies – to identify exogenous shocks to fertility and estimate their
impact on behavioral outcomes, such as women labor force participation (Kler-
man, 1999; Levine et al., 1999; Angrist and Evans, 2000; Bailey, 2006; Bloom
et al., 2009). Although these studies acknolwledge the importance of institutional
factors and policies on household-level fertility decisions, none of them explicitly
consider fertility choices from a societal perspective. In a similar vein, de Silva
and Tenreyro (2017) provide empirical evidence of the role played by popula-
tion control policies on the sharp decline in fertility experienced by developing
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economies in the past five decades. The authors findings suggest a convergence
of fertility rates, despite large differences in other socioeconomic indicators, such
as levels of education, urbanization, GDP, and mortality rates. Therefore, the
“usual suspects” cannot completely explain the decline in fertility rates, whereas
the population control policies pursued by these countries during the post-war
period offers a convincing explanation for the observed convergence.
Some other studies account for the role of the demographic transition on the
take-off into self-sustained economic development. These studies endogenously
generate the transition from high to low fertility levels when modern sector tech-
nological progress becomes sufficiently large to induce a switch in preferences for
a small number highly educated children over a large number of uneducated ones
(Galor and Weil, 2000, 1999; Galor, 2005; Lagerlöf, 2006). Although this lit-
erature approaches fertility choices within a macroeconomic framework, thereby
studying the interplay between aggregate demographic structure of societies and
economic development, fertility decisions are still made within the households
decision process.
Less effort, however, is devoted to approaching fertility choices under an ex-
plicit societal framework, whereby norms and institutions might operate in implic-
itly and explicitly shaping the societal desired population path. This paper studies
historical accounts on the role that institutional factors and laws have played in
shaping British fertility trends prior to the modern period. The analysis starts by
documenting some anecdotal evidence on the enactment and implementation of
different acts and laws and their roles on population growth. Next, the empiri-
cal section analyzes the systematic relationship between the administration of the
Poor Laws and fertility in Britain and Ireland to identify the role of local-level
institutions and policies on demographic patterns of societies.
Exploring a parish-level cross-sectional data set on Southern Britain counties,
assembled by Boyer (2006), I show that birth rates were higher in parishes that
practiced more benevolent children allowances to poor families. The results are
robust to the inclusion of additional factors that affect fertility, such as house-
hold average income, population density, and county fixed effects. Additionally,
I make use of a longitudinal Census data from Ireland, assembled by Hatton and
Williamson (1993), to estimate the effects of poor relief on family size. The com-
pelling feature of this analysis is the panel characteristics of the data, which allows
for controlling time-invariant unobservable characteristics of the counties in the
sample. The results of this analysis corroborate the previous findings, suggesting
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the strong connection between poor relief administration and fertility levels.
This paper contributes to the literature by making a historical account of the
role of local institutions and laws in the determination of population growth path
in Britain during late pre-modern and early modern times. More specifically, this
paper provides some suggestive (anecdotal and systematic) evidence of the rela-
tionship between Britain’s historical norms and laws on fertility in a time when
population growth was an important drive of economic prosperity. Although this
paper does not make any causal claim about the relationship between societal in-
stitutional development and family size, it does provide a systematic historical
support to the hypothesis that, throughout pre-modern history, economic policies
largely affected the fertility paths of Britain’s population. An important specific
attribute of the empirical analysis is the use of fixed effects models to parish-level
and county-level data to estimate the impact of the poor relief on family size. This
feature of the analysis constitute one step further in settling the historical debate
on the extent of the role played by the poor laws on birth rates and, more gener-
ally, the role of local policies and institutions on societal fertility choices (Blaug,
1963; Williams, 2004; Boyer, 2006; Greif and Iyigun, 2013).
The paper is structured in 4 sections, including this introduction. Section 2
provides some historical evidence on the role of population growth on economic
policies and institutional development in late pre-modern and early modern times.
Section 3 is devoted to a systematic empirical study of the role played by the
practice of poor relief on the size of families in Britain and Ireland during the
1830s. Section 4 concludes.
3.2 Historical Evidences
There is a vast number of historical facts on the role played by local institutions
and economic policies on fertility choices during pre-modern times. This section
describes some anecdotal facts to illustrate this role.
3.2.1 Marriage, Family Structure and Fertility
The extent of institutional arrangements and political constraints on the practice of
marriage constitute an important tool for societies in determining their population
sizes. Legal age of marriage, for instance, has a strong effect on fertility, since
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early marriage results in earlier timing of potential first birth and longer horizon
for subsequent child bearing.
The 1753 Marriage Act commonly known as the “Hardwick’s Marriage Act”,
established that every marriage should take place under the provision of either
a bann or a license, parental permission for child marriage, and the presence of
witnesses and an authorized clergyman. In the medieval Britain prior to the Act,
the Catholic cannon law – following the Roman law – allowed girls over 12 and
boys over 14 to marry without parents consent.
Cannon law, through the institution of the Catholic church and its customary
practices, is believed to have given rise to the notion of the “European Marriage
Pattern”, which consists of a set of institutions that induced (or at least partially
affected) the change in the demographic structure of Britain and other western
European societies prior to modern times (Dennison and Ogilvie, 2014). The
characteristics that make up the marriage patterns of these societies are: female
marriage at a later date, female celibacy, and nuclear family structure.3 Prior to the
1753 Act, clandestine marriages were common practice since no enforcement of
legal contracts were made (Sheehan, 1971). Moreover, customary laws prevailed
in marriage arrangements, whereby simple private exchange of promises by a man
and a woman to live together constituted a binding marriage agreement (Bannet,
1997).
According to Bannet (1997), the 1753 Act constitutes “the best contemporary
thinking about how to manage population in order to increase Britain’s wealth”
(Bannet, 1997, p. 235). Population size and the desired societal fertility rate were
a fundamental point of debate in the Parliament during the discussion of the Bill.
The debate centered around whether the Bill would induce negative effects on
fertility, given the restrictive characteristics of the Bill on marriage arrangements.
The grounds for the defense of the Bill to promote optimal fertility choices among
British households can be expressed by the words of the the Earl of Hillsborough
in his House speech: “The happiness and prosperity of a country does not depend
on having a great number of children born, but on having always a great number
well brought up and inured from their infancy to labour and industry” (Bannet,
3Greif (2006) posits that the institution of nuclear family within the realm of the western
Catholic societies gave rise to economic and political corporations, such as guilds, universities,
city-states, etc. Such corporations efficiently solve issues related to cooperation and conflict and
are consistent with nuclear family structures as opposed to kinship systems. Corporations have
been at the forefront of the late British commercial revolution and expansion of imperialism, col-
onization, industrialization, and the take-off to self-sustained economic progress.
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1997, p. 236).
The argument was based on the idea that more important than the actual num-
ber of children in a family is proportion of them who become educated and sur-
vive to adulthood. Therefore, the abolishment of unbounded marriage agreements
would reduce the frequency of arrangements such as polygamy, and bastardy, and
subsequently the number of low-educated, unattended, children outside marriage.
(Bannet, 1997).
3.2.2 Urbanization, Child Labor, and Fertility
Prior to industrialization, child labor was characterized by either farming or home
labor activities. In farms, children worked in tending livestock, sowing fields,
whereas home activities included apprenticeship on chimney sweeping, domestic
services, and family business activities.4
In early industries, such as textiles and coal minings, a considerable fraction of
labor was from children and youths (Chapman et al., 1904; Jenkin, 1962). For in-
stance, Freudenberger et al. (1984) suggest that approximately 54.5% of workers
in textile mills were under the age of 19 around 1820, and Tuttle (1999) estimates
that children under 13 comprised between 10 percent to 20 percent of the labor
force operating in textile mills in 1834.
During early industrial era, soaring population growth and the massive rural-to-
urban migration following the dawn of the industrial modernization and urban-led
technological progress led to a complex change in the structure of the living condi-
tions of the British society. Estimates suggest an increase of 14 percent in British
population between 1820–1830 and 18 percent in the following decade, and most
of this increase in population were in cities (Deane and Habakkuk, 1963). Liv-
ing conditions in these cities were precarious as rapid and unorganized cities de-
veloped. In light of the population pressure and poor working conditions, the
debate on the child labor laws significantly gained relevance in both academic
and political spheres. Starting with the Health and Morals of Apprentices Act, in
1802, British parliament started to impose restrictions and regulations on indus-
trial working conditions. In 1842, through the Cotton Mills and Factories Act,
the parliament stated that no children under age of nine were to be employed and
restricted working journeys to 12 hours for children between nine and twelve.
4During sixteenth century England, a high proportion of youth worked as apprentices on hus-
bandry activities (Kussmaul, 1993).
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The child labor Acts represent an increase in the net cost of rearing children,
as families would benefit from wages and support from their children’s labor.
Institutional and social evolution have played an important role on the elaboration
of the Factory laws during early industrial era; however, the population pressure in
a recently urbanized society has had a considerable effect on the public acceptance
and enactment of the laws.
3.3 Empirical Support
This section aims to expose some empirical regularities regarding how local poli-
cies and institutions implicitly determine societal fertility decisions and popula-
tion growth in a systematic fashion. The administration of the “poor laws” in
England and Wales during the late Eighteenth and early Nineteenth centuries ac-
counts for an example of such effect.
3.3.1 The Poor Laws in England
Background
The so-called “poor laws” was a system of poor relief policies established to miti-
gate the widespread famine and unemployment among peasants and farm laborers
in England and Wales. The system has its start in 1597, when the parliament
passed a law (39 Elizabeth, c. 3) making parishes – local governments – responsi-
ble for the support to the poor, which together with the 1601 act – the Elizabethan
Poor Law (43 Elizabeth, c. 2) – made compulsory relief of the poor an essential
item of the British domestic policy (Boyer, 2006).
In 1795, following a decision by local magistrates in Speenhamland, Berkshire,
an amendment to the 1601 law incorporated some important changes on the ad-
ministration of the relief by the parishes, the most important being the introduc-
tion of payments of allowances-in-aid-of-wages, according to the variations in the
price of bread and family sizes, to the able-bodied workers. The Speenhamland
era (1795–1834) consequently became the period of the greatest generosity in the
relief expenditure (Boyer, 2006).
The legislation regarding the administration of the poor relief, enacted by the
1601 act, prevailed until 1834, when the Poor Law Amendment Act, based on the
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Royal Commission into the Operation of the Poor Laws’ conclusions of the old
system being unsustainable – “new poor law” – changed the form in which the
relief was administered, imposing the abolition of outdoor relief to able-bodied
workers and stronger restrictions on the eligibility to receive benefits, after criti-
cisms of the old system.5 One of the main argument of the oppositors to the old
system’s relief administration was the undermine of the “preventive check", by
artificially reducing the cost of having children (Malthus, 1888).
Empirical Estimation
Ideally, in order to establish the causal effect of the poor laws on fertility in Eng-
land, a data set with longitudinal span covering the period prior and following
the 1834 Poor Law Amendment Act would be optimal. Such longitudinal data
would allow a pre-post comparison of parishes that practiced different degrees of
benevolence on the administration of outdoor relief to large families. The ideal
strategy would, therefore, account for any unobservable time-invariant character-
istics, such as idiosyncrasies associated with the administration of the reliefs at
the parish level.6
Boyer (2006) assembles a cross-sectional data set containing relevant informa-
tion regarding the administration of relief expenditure and demographic character-
istics at the parish level for 214 parishes in the year of 1831 in Southern England.
The data come from the Rural Queries, a survey conducted by the Royal Poor
Law Commission among rural parishes in 1832 in order to assess the use of the
relief funds by these parishes.7 The data contain relevant information relating
birth rates and child allowances (one of the different types of outdoor relief) at the
parish level.8
According to Boyer (2006), child allowances were distinctly practiced at differ-
ent locations. The eligibility varied according to the number of children (starting
from the third, fourth or fifth) and the maximum age (10–12). Therefore, the num-
5Outdoor relief refers to the provision of subsidized food and wages, direct transfers, and public
employment opportunities. Indoor relief required workers to be registered and live in a parish poor
houseto be eligible for receiving the support (Persky, 1997).
6Data sets with such detailed information at the parish-level does not exist.
7The report of the commission was the basis for the reformulation of the law by the 1834 act.
8Technically, birth rate is defined in terms of the number of women of childbearing age. How-
ever, due to data limitations, birth rate in the data is defined as the ratio of births per 100 families
in the period 1826–1830. The estimation, thus, can provide biased results, depending on the age
distribution of the women in the sample.
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ber of years that the family received the benefit varied according to the spacing
between births and the size of the family.
Despite the lack of an ideal longitudinal span covering the period prior and
following the 1834 Poor Law Amendment Act to assess the causal effect of the
change in the law on population size, the cross-sectional heterogeneity on how
the relief was administered across parishes provides sufficient variation to assess
the correlation between the administration of the poor relief and birth rates. The
estimated equation can be written as
Birth Ratei = ↵i +  iChild Allowance +  i +X 0 + "i, (3.1)
where Birth Rate is given as above, and Child Allowance is a dummy variabel in-
dicating whether the parish practice children allowances. Additionally, the above
model controls for county fixed effects  i, which captures time-invariant county
characteristics, such as the effects of geography on the level of poverty. The ma-
trix X captures important factors that might be correlated to birth rates.
Table (3.1) provides OLS estimates of the relationship between birth rates and
the provision of child allowances. The baseline estimation shows a statistically
significant and strong positive correlation between whether the parish granted
child allowances and birth rates. The point estimate can be interpreted as: parishes
that grant child allowances to the paupers are expected to have birth rates 11.3%
higher than parishes that do not grant child allowances.9
Although this paper does not aim to to provide a robust causal inference, espe-
cially because of lack of available data, it does take a step further in that direction
by controlling for a set of covariates that may partially explain the administration
of the relief at the parish level. In particular, the provision of child allowances cor-
relates with the level of poverty prevailing at the parish. To account for this effect,
the second specification of the empirical model controls for the average annual
income earned by adult male agricultural workers in each parish as a control vari-
able. As expected, income positively correlates with birth rates, corroborating the
Malthusian predictions. The point estimate of child allowances becomes higher –
compared to the baseline model - and it is more precisely estimated.
Moreover, the third column adds a variable indicating whether the farmer pos-
sess an allotment of farm land to account for extra source of income by the la-
borers. Columns 4 and 5 additionally control for whether cotton industry exist in
9All numerical variables are expressed in logs in this and in the next analysis.
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Table 3.1: OLS Estimates: Children Allowances Dummy
Dependent variable: Birth rate
Child Allowances 0.113** 0.136*** 0.135*** 0.136*** 0.119** 0.106**
(0.0475) (0.0497) (0.0494) (0.0499) (0.0515) (0.0490)
Control variables:
Income 0.466*** 0.466*** 0.484*** 0.453*** 0.0702
(0.142) (0.142) (0.155) (0.160) (0.154)
Allotment -0.00733 -0.00803 -0.00609 -0.0328
(0.0458) (0.0455) (0.0445) (0.0411)




County Fixed Effects No No No No No Yes
R-squared 0.026 0.069 0.069 0.070 0.103 0.270
Observations 214 214 214 214 214 214
Robust standard errors clustered at the parish-level in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
the parish and population density, respectively. The last specification additionally
controls for any regional factor specific to each county on the analysis. For ex-
ample, it is possible that birth rates exhibit cultural heterogeneity due to regional
differences. The county fixed effects, thus, capture this and any regional time-
invariant specific factor that may correlate with the birth rates.10 The estimates
show a fairly stable and statistically significant positive correlation between child
allowances and birth rates in all specifications, although only at the 5% signifi-
cance level in the last two columns.
The next evidence provides results for the same data but using a more detailed
specification for the children allowances. In particular, the variables analyzed
are whether the parish began paying allowances for families with three, four, or
five children. As stated above, the lifetime period in which families received
the relief depended on the number of children that the allowances are granted.
Large families, in general, would receive the benefit for a longer period in parishes
starting the allowances payments from the third child relative to parishes granting
allowances starting from 4 and 5 children. At the same time, it is plausible to
expect that households with three children would have extra incentives to have an
additional child in parishes practicing child allowances from the fourth child and
households with four would weight in the reduced cost of having an extra child in
parishes granting allowances from the fifth child.
10This analysis consists in an improvement on previous studies about the effects of poor laws
on fertility and family size.
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The estimated equation, then, is analogous to 3.1, with the exception that there
are three dummy variables, indicating whether the parish start children allowances
from the third, fourth, or fifth child, respectively.11
Table 3.2: OLS Estimates: Children Allowances Breakdown
Dependent variable: Birth Rate
Allowances (3 children) 0.134** 0.153** 0.153** 0.155** 0.134** 0.109
(0.0593) (0.0608) (0.0609) (0.0627) (0.0650) (0.0662)
Allowances (4 children) 0.106* 0.135** 0.134** 0.135** 0.118** 0.0880*
(0.0555) (0.0570) (0.0565) (0.0567) (0.0578) (0.0526)
Allowances (5 children) 0.0913 0.107* 0.106* 0.108* 0.0963* 0.135**
(0.0624) (0.0576) (0.0576) (0.0576) (0.0577) (0.0591)
Income 0.468*** 0.468*** 0.486*** 0.456*** 0.0499
(0.140) (0.140) (0.154) (0.159) (0.159)
Allotment -0.00706 -0.00789 -0.00599 -0.0346
(0.0457) (0.0454) (0.0446) (0.0415)




County Fixed Effects No No No No No Yes
R-squared 0.029 0.072 0.072 0.073 0.105 0.273
Observations 214 214 214 214 214 214
Robust standard errors clustered at the parish-level in parenthesis. *** p<0.01, ** p<0.05, * p<0.1
As in the previous analysis, table (3.2) shows the OLS results for this relation-
ship and extends the baseline model by incorporating annual male agricultural
laborer income, whether the laborer possess allotment of farm land, whether cot-
ton industry exist, population density, and county fixed effects as controls as well.
All six models show a strong and a positive statistically significant effect of chil-
dren allowances starting with three, four, and five children on birth rate, although
only at the 10% level for the 5-year parishes.
Allowances paid for families starting from the third child only seem to have
a significant effect when not controlling for county fixed effects. The effects of
different allowances according to the number of children in the most demanding
model (last column) indicate a stronger effect on the 5-children allowances when
compared to the control group of no allowances. That is, on, average, parishes that
practiced allowances starting from the fifth child experienced birth rates 13.5%
higher than parishes that did not practice allowances.
The results of this section indicate a strong connection between granting al-
11The comparison group, then, are parishes that do not practice any type of children allowances.
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lowances to large families and birth rates. The results are robust to controlling for
a range of factors that might correlate with birth rates and county fixed effects.
However, it is worth mentioning that the explanation that allowances in high fer-
tility parishes were more benevolent because they were poorer cannot be ruled
out.12
3.3.2 Irish Poor Laws
Background
The Irish Poor Laws were a set of measures to address the great social instability
and widespread poverty experienced in the country during the 1700s and 1800s.
During the early nineteenth century, almost half of the Irish population lived in
botháin scóir – small cabins with precarious conditions (Patriquin, 2006). Prior
to the Irish Poor Laws Act of 1838 – entirely based on the 1834 British “New”
Poor Laws system – the Irish parliament passed an act, in 1703, requiring “(...) the
erection of a workhouse and for the maintenance and apprenticing out of foundling
children” (O’Brien, 1921). However, most of poor relief were in the form of
charities since government action was limited due to lack of funding (Patriquin,
2006).
By 1833, the Royal Commission on the Poorer Classes in Ireland conducted a
series of surveys and reports (similar to the British experience with the Royal Poor
Law Commission), which led to the 1838 Act. The Act divided Ireland into 130
unions, subdivided into parishes, and established that all paupers were to receive
poor relief, either indoor – through the workhouses – or outdoor, based on funding
raised by local taxes (Patriquin, 2006).
The Irish Poor Laws differed from the British Poor Laws in a few important
dimensions, the most important being the composition of the type of relief being
granted to the pauper. In Ireland, the most prevalent type of relief was indoors,
whereas in England, outdoor relief was more common. For instance, during the
1860s, indoor relief composed 91 percent of Ireland’s relief system, whereas this
number was as small as 12 percent in England (Patriquin, 2006).
The next regression analysis uses the data set assembled by Hatton and Williamson
12Although the county fixed effects alleviates a fraction of the reverse causality concern, there
might still be parish-level variation on the administration of the reliefs that might potentially bias
the estimates.
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(1993) in order to provide additional evidence in support of the hypothesis that the
societal policies and institutions are important in determining the prevailing popu-
lation path. The data come from the 1881, 1891, 1901, and 1911 Irish censuses at
the county level for the 32 Irish counties. The advantage of this data set compared
to the previous one is the temporal dimension, which allows an analysis of the
relationship of interest over time.
Empirical Estimation
Hatton and Williamson (1993) study the determinants of emigration in Ireland
between 1850 and 1913 after the Great Famine during the 1840s. The authors as-
semble a panel of the 32 Irish counties at four census dates: 181, 1891, 1901, and
1911. Although the objective of the authors was to investigate the determinants
of emigration in Ireland between 1850–1913, the data contain relevant informa-
tion on the county-level proportion of the population receiving (both indoor and
outdoor) relief and family size. Figure 3.1 shows the positive correlation between
the two variables. In the figure, each data point corresponds to a county-census
year cell. The vertical axis captures county-level average family sizes, whereas
the horizontal axis provides information on the proportion of the population that
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Figure 3.1: Relief Expenditure and Family Size, Irish Counties (1891–1911)
Source: Hatton and Williamson (1993)
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The equation to be estimated is given by
Family sizei,y = ↵i,y +  i,yRelief +  i +X
0
 + "i,y, (3.2)
where Family size and Relief are given by the above definition, for each county
i and census year y. Additionally, the above model adds county fixed effects
 i, which controls for time-invariant county characteristics, such as the effects of
geography on the level of poverty. The matrix X captures important factors that
might be correlated to the county-level average family size.
The proportion of catholics among the county population at the time of the cen-
sus is the first variable controlled for by the empirical model. Catholic religion is
believed to have introduced a set of customs and beliefs that affect households’
family decisions. For example, celibacy and late marriage were a common prac-
tice among female catholics. The proportion of the population living in urban
areas might also correlate with family sizes. Urbanization rates, following the
industrialization era, might have increased the returns to investments in human
capital, which might have led households switching preferences towards a lower
number of highly educated children (Tamura, 1994; Galor and Weil, 1999; Galor,
2005). Moreover, industrialized urban areas might be associated with higher op-
portunity costs of raising children (Schultz, 1985; Galor and Weil, 1993; Brown
and Guinnane, 2002; Lagerlöf, 2003). Therefore, the model additionally explic-
itly controls for the percentage of the county population living in towns of at least
2,000 inhabitants. Additionally, the proportion of the county population with age
between 25 and 34 years is controlled for, given that, the age structure of the pop-
ulation might correlate with its size (Notestein, 1960). Another economic control
variable in the analysis is the proportion of the county agricultural holdings less
than five acres. This variable is used to capture access to land, which might indi-
cate socioeconomic status, and thus affecting family size. Finally, the proportion
of illiterates in the county population is used to capture overall effects of educa-
tional attainment on family size (Becker et al., 1990; Becker, 1960; Rosenzweig
and Wolpin, 1980; Black et al., 2005).13
The results in table (3.3) show a positive and statistically significant correla-
tion between the proportion of the population receiving the poor relief and family
size across all specifications. The baseline model corresponds to a pooled cross-
13It is worth mentioning that an important drawback in this data set is the lack of information
on the number of children born at the county-level. Mortality might be a confounding factor in the
analysis, as only family size is observed.
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section, assuming that observations are independent, with no additional controls.
The estimated coefficient of interest indicates an increase of an average of 0.0927
in the family size when the proportion of the population receiving the relief in-
creases by one unit.
The subsequent columns incorporate the panel structure of the data set, includ-
ing county fixed effects. The point estimate in the second column remains sta-
tistically significant at the 1% level and becomes stronger when fixed effects are
introduced. The remaining columns control for additional factors that might be
important for determining fertility and family structure. The results remain fairly
stable when adding demographic characteristics in columns 3 through 6. In partic-
ular, column 3 additionally controls for the proportion of the population who are
catholic, whereas column 4 adds the proportion of the population living in urban
areas. The proportion of the population aged 15–34 is introduced in column 5.
The proportion of the county agricultural holdings less than five acres is added in
column 6. Finally, the estimated coefficient becomes somewhat smaller but still
significant when controlling for the proportion of the county population who are
illiterate in the last column.
Table 3.3: OLS Estimates: Irish Poor Laws
Dependent variable: Family Size
Relief 0.0927*** 0.211*** 0.209*** 0.195*** 0.196*** 0.196*** 0.0533**
(0.0290) (0.0269) (0.0268) (0.0293) (0.0297) (0.0377) (0.0246)
Catholic -1.321 -1.305 -1.284 -1.284 -2.026**
(0.834) (0.902) (0.902) (0.897) (0.806)
Urban -0.772 -0.789 -0.788 0.0269
(0.797) (0.816) (0.860) (0.341)
Age 0.415 0.413 1.080*
(0.763) (0.840) (0.615)




Observations 128 128 128 128 128 128 128
R-squared 0.089 0.323 0.339 0.354 0.356 0.356 0.692
Fixed Effects No Yes Yes Yes Yes Yes Yes
Number of county 32 32 32 32 32 32
Robust standard errors clustered at the county-level in parentheses *** p<0.01, ** p<0.05, * p<0.1
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3.3.3 Discussion
In spite of the shortcomings of the data coverage, the above results indicate a
robust correlation between the relief administration and population at the parish
level for the year of 1831 in Southern England and at the county level for the
years 1891–1911 in Ireland. These results confirm the plausibility of the proposed
hypothesis that societies, through their policies and institutions, determine the
fertility and population paths of their inhabitants.
Despite the fact that both analyses provide strong support to the hypothesis that
societies are able to determine family structure, comparing the magnitude of the
effects poses a challenge, since the dependent variables might capture different
ideas. The British parish-level model analyzes birth rates – even though the de-
mographic age characteristics of the individuals are not observed – whereas the
Irish Census-level model analyzes family size.
Some limitations of this study are worth being mentioned. First, due to data
limitations, this paper cannot claim any causal interpretation about the strong rela-
tionship between the institutions and birth rates. Specifically, lack of longitudinal
variation in the parish-level administration of the Poor Laws does not allow test-
ing for a pre-post comparison between the change in the system from the Old Poor
Laws to the New Poor Laws, after 1834. Second, this paper does not address the
issue of mortality. It is possible that changes in the birth rates (British Poor Laws)
or family size (Irish Poor Laws) might change in response to a decline in mortality
rates rather than due to a decline in the opportunity cost of rearing children.
3.4 Concluding Remarks
The idea that societies, rather than families, have a larger saying on optimal fertil-
ity choice are borne out by historical evidences. This paper aimed at documenting
such evidences for a particular country (Britain) during a given time (1700-1800),
whereby population pressure and fertility decisions were likely to be critical for
economic and social prosperity.
The historical facts documented in this paper, in particular, stress the impacts of
Acts on Marriage, Child Labor, and Poor Laws on birth rates and the importance
of these potential effects on the political debate around the themes. Restrictions
on marriage might have had a negative impact on population, which was against
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the desired social fertility. At the same time, after the relative decline in the im-
portance of land as a factor of production, and the rising living standards due to
the modernization and technological progress, population pressure became a non-
binding constraint, issues such as child labor and rising expenditure on the poor
relief could be addressed.
The empirical exercise attempts to provide a systematic and robust evidence of
the proposed mechanism. Heterogeneous intensity in the poor relief and informa-
tion on local-level fertility rates allow a test of the hypothesis. The estimated fixed
effects models, controlling for unobservable geographic characteristics, suggest a
positive relationship between the local-level intensity of poor relief and fertility.
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Appendix A: Data Sources and Details
Malaria Variables
Malaria Risk
The malaria risk variable is constructed using malaria reported cases at the month-
state level for the period between 2007–2017. In order to construct the variable at
a per capita basis, I collect state population data from IPEADATA14. The malaria
risk variable is number of reported cases per 1,000 inhabitants for a given state
and month.15
Malaria Index
The mortality selection estimation makes use of a state-level time-invariant mea-
sure of malaria transmission, which is constructed by using the ecology-based
spatial Malaria Stability Index proposed by Kiszewski et al. (2004). The index
captures geographical distribution of the dominant Anopheles mosquito as well as
information on climatic and geographic conditions that contribute to the survival
and spread of vector and parasite. Using a Geographic Information System (GIS)
software, I overlay a Brazilian map with state boundaries over the global spatial
Malaria Index map and generate state-level averages of the index.
14
http://www.ipeadata.gov.br/Default.aspx Accessed on 10/17/2018.
15Population data is given at an yearly basis. I use the same constant population for each month
in a given year.
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Individual-level outcomes and controls
Education
The education variable used throughout the analysis is number of years of educa-
tion which corresponds to the highest grade completed. The primary source is the
Brazilian National Household Sample Survey (PNAD).
Income
Income is given by the hourly earned income from main activity in the previous
week. In the survey, income is reported at a monthly basis. I transform monthly
income to hourly income by multiplying reported hours worked weekly by 52
(total number of weeks in a year) and divide by 12 (total number of months). I
drop from the analysis hourly income higher than R$ 300,00. In the analysis, I
use the natural log of income. The primary data source is the Brazilian National
Household Sample Survey (PNAD).
Fertility
The fertility variable is given by the number of reported children by female re-
spondent. The variable is constructed by adding the reported number of male
and female children who live in the household, the number of male and female
children who do not live in the household, and the number of male and female
children who have died. The primary data source is the Brazilian National House-
hold Sample Survey (PNAD).
Demographic control variables
Gender: dummy variable indicating whether the individual is a female.
Race: dummy variable indicating whether the individual is non-white.





State GDP per capita is constructed by state GDP, at 2000 prices, divided by the
population. The state GDP per capita data is matched with individual’s state of
birth and survey year. The primary source is the IPEADATA.
Infant mortality
Reports the number of infant deaths by state. Data source is DATASUS – Ministry
of Health. To construct infant mortality per capita I use population data from
IPEADATA. The infant mortality per capita data is matched with individual’s state
of birth and survey year.
Latitude and Longitude
Latitude and longitude jointly report the geo-referenced coordinate of the centroid
of the state. The data source is from the GADM database.16
Climatic Variables
In the Instrumental Variables estimation, I use average monthly temperature and
precipitation as excluded instruments for the malaria transmission variable. The
data source is WorldClim – Global Climate Data (v.2), available at http://
worldclim.org/version2. The climatic data set is based on a raster file
with 10 km2 resolution cells, with mean monthly temperature and precipitation
for the period 1970–2000. I construct state-level monthly averages by overlay-
ing a Brazilian georeferenced map with state boundaries with the help of a GIS
software.
16
www.gadm.org, version 2.5, July 2015.
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Adult Mortality
The outcome variable is constructed at the micro-region level in Brazil by the
the difference in the sample size of different synthetic cohorts through time. To
construct the cohort-level mortality, I make use of three consecutive Brazilian
censuses: 1991, 2000, and 2010.
Health sector controls
Homicides per capita
The variable is constructed by the number of homicides divided by the micro-
region population in the year of 2000. The number of homicides by micro-region
is from the Ministry of Health - DATASUS. In order to construct the variable at
a per capita basis, I collect micro-region population data from IPEADATA17 The
number of homicides per capita data is matched with the cohort-level micro-region
of residence.
Number of doctors per capita
The variable is constructed by the number of doctors divided by the micro-region
population in the year of 2000. The number of doctors by micro-region is from the
Ministry of Health - DATASUS. In order to construct the variable at a per capita
basis, I collect micro-region population data from IPEADATA. The number of
doctors per capita data is matched with the cohort-level micro-region of residence.
Socioeconomic controls
Migration
Proportion of individuals who were not born in the municipality of residence at
the micro-region level. The data is constructed based on the 1991, 2000, and 2010
censuses.
17
http://www.ipeadata.gov.br/Default.aspx Accessed on 10/17/2018.
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Urban
Proportion of individuals who live in rural areas at the micro-region level. The
data is constructed based on the 1991, 2000, and 2010 censuses.
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Appendix B: Instrumental Variables First
Stage Results
Table B.1: Instrumental Variables Estimation – First Stage Results
First Trimester Second Trimester Third Trimester
(1) (2) (3)
Prec > 60mm2 last three months
Month 1 -8.92e-05⇤ -1.99e-05 4.69e-05
(5.38e-05) (5.81e-05) (5.99e-05)
Month 2 0.000259⇤⇤⇤ 0.000171⇤⇤⇤ 0.000178⇤⇤⇤
(6.03e-05) (6.64e-05) (6.84e-05)
Month 3 0.000609⇤⇤⇤ 0.000641⇤⇤⇤ 0.000699⇤⇤⇤
(6.95e-05) (7.10e-05) (7.01e-05)
Prec > 80mm2 at least one of the last three months
Month 1 0.000449⇤⇤⇤ 0.000559⇤⇤⇤ 0.000481⇤⇤⇤
(6.35e-05) (6.24e-05) (6.62e-05)
Month 2  0.000716⇤⇤⇤  0.000892⇤⇤⇤  0.000906⇤⇤⇤
(7.36e-05) (7.73e-05) (8.08e-05)
Month 3  0.000832⇤⇤⇤  0.000911⇤⇤⇤  0.000856⇤⇤⇤
(6.40e-05) (6.62e-05) (6.79e-05)
Temp > 19.5 C+ std. dev. last 12 months
Month 1 0.00115⇤⇤⇤ 0.00111⇤⇤⇤ 0.00104⇤⇤⇤
(6.45e-05) (6.57e-05) (6.44e-05)
Month 2 0.000875⇤⇤⇤ 0.00115⇤⇤⇤ 0.00114⇤⇤⇤
(7.33e-05) (8.30e-05) (8.68e-05)
Month 3 0.00201⇤⇤⇤ 0.00192⇤⇤⇤ 0.00195⇤⇤⇤
(8.07e-05) (8.52e-05) (8.90e-05)
Observations 29,793 29,793 29,793
OLS estimates with robust standard errors clustered at the state level in parentheses. Sample weights are used.
The sample includes individuals aged 23-65 years old in years 1959 and 1960. The first stage of the instrumen-
tal variables analysis instruments the average risk of exposure, expressed in terms of state-level monthly average
cases, with indicator variables expressing necessary climatic conditions for malaria outbreaks. The first indicator
is whether the month (or the previous two) has an average precipitation of at least 60mm2. The second indicator
refers to whether at least one of the last three months experienced an average precipitation of at least 80mm2. The
third variable indicates whether average monthly temperature exceeds 19.5 C+ standard deviation of the average
temperature in the previous 12 months. Legal Amazon is excluded. Individual controls include gender and race,
whereas region control includes whether the individual lives in a rural area, state GDP per capita, infant mortality,
whether the individual is a migrant. *** p<0.01, ** p<0.05, * p<0.1
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